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ABSTRACT 


\ 

The  purpose  of  Project  3.22,  Operation  UPSRCT-UCTEOLS,  mi  to 
indicate  the  vulnerability  of  Army  prefabricated  fixed  bridging  to 
a  toad  c  blast  and  to  daten dm  aeana  to  reduce  the  -miners  bil  it? .  To 
accomplish  this,  two  100- ft  Bails;  bridge  space  were  erected  such  that 
one  was  exposed  to  Shot  9  and  both  were  exposed  to  Shot  10  cf  the  test 
series;  and  two  single  bay  sections  of  bridging  were  erected  to  afford 
a  comparison  between  Ballsy  and  T6  bridging.  Tbs  presence  of  a  pre¬ 
cursor  ware  and  high  dynamic  pressures  in  tbs  region  of  interest  for 
Shot  10  severely  limited  the  value  of  the  results  of  that  part  of  the 
experiment.  Results  indicate  that  an  anchor  cable  would  bs  tbs  bsst 
■sans  of  limiting  tbs  response  of  such  a  bridge. 
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?OREKOBD 


This  rsport  is  one  of  the  reports  presenting  the  results  of  the 
78  projects  participating  in  the  Military  Effects  Tests  Prograa  of 
Operation  UPSHOT- KHOTEOI25,  which  included  11  test  detonations,  far 
readers  Interested  in  other  pertinent  test  informtion,  reference  is 
■ade  to  IT- 782,  Smceary  Report  of  the  Technical  Director,  Military 
Effects  Prograa.  This  suzaary  report  include  s  the  foil  caring  informa¬ 
tion  of  poesible  general  interest: 

1.  An  overall  description  of  each  detonation,  including  yield, 
height  of  burst,  ground  ssro  location,  tins  of  detonation,  aablent  at- 
aospberic  conditions  at  detonation,  etc.,  far  the  11  shots. 

2.  Compilation  and  correlation  of  all  project  results  on  the 
basic  aea sure seats  cf  blast  and  shock,  thermal  radiation,  and  nuclear 
radiation. 

3.  Coepilation  and  correlation  of  the  various  project  results  on 
weapons  e£V»cts. 

4.  A  summary  of  each  project,  including  objectives  and  results. 

5.  A  couplet*  listing  of  all  reports  covering  the  Military 
Sffaots  Teste  Program. 


ramcx 


This  report  embraces  all  of  the  work  accomplished  under  Project 
3.22,  Operation  UPSHOT- SH0TH0IZ,  Including  test  work  and  analysis 
work.  The  report  is  presented  as  the  first  attempt  to  determine  quan- 
titatlTBly  the  response  of  Army  prefabricated  fixed  bridging  to  an 
atonic  blast.  Some  analytical  work  has  been  included  for  which  there 
is  no  corresponding  test  data  for  purposes  of  correlation. 

A  section  on  blast  effects  has  been  included  in  the  first  chapter, 
and  a  description  of  the  type  of  bridging  tested  appears  In  Chapter  2. 
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CHAPTER  1 

imcresnre 


v 

/ 


1.1  sxasnm 

The  major  objective  of  Project  T.22,  Operation  GTSHOT-XJJCTHOLB, 
m  to  determine  the  effects  of  atonic  boob  blast  on  military  type  pre¬ 
fabricated  fixed  bridging.  Specifically,  the  following  objectives  were 
sooght: 

1.  To  date  mine  the  leading  resulting  free  the  blast; 

2.  To  date  mine  which  structural  coaponente  ars  the  weakest  and 
will  be  daaaged  at  the  lowest  level  of  loading; 

3.  To  determine  what  level  of  daaage  way  be  tolerated  without 
causing  progressive  failure; 

4*  To  establish  analytical  methods  which  way  be  generally  used 
to  calculate  the  response  of  truss  structures  to  atomic  boab  blast;  and, 

5.  To  investigate  practical  methods  of  limiting  the  structural 
response  of  a  Bailey  tJ'idgx  to  blast  loading. 

1.2  SCOm 

The  test  work  accomplished  as  part  of  tblr.  project  involved  sub¬ 
jecting  three  bridge  structures  to  Shot  9  end  tee  same  three  structures 
plus  a  fourth  to  Shot  10.  High  speed  photography  and  acceleration  was- 
ure meets  recorded  the  response  of  two  of  the  bridges. 

Ths  bridge  was  represented  by  a  relatively  staple  mechanical  sys¬ 
tem  whoee  response  to  aa  idealised  forcing  function  was  calculated  by 
analytic  means.  The  results  are  correlated  with  test  results  Insofar 
as  la  possible. 


Subeeqoent  to  ths  use  of  the  atomic  ^'a©  at  Eiroshlaa  and  Kagasaki, 
it  bsoeas  apparent  that  a  program  of  Investigation  Into  defense  against 
atomic  warfare  as  applied  in  the  strategic  and  tactical  operations  of 
any  possible  future  antsy  should  be  undertaken.  As  a  part  of  this  pro¬ 
gram,  the  effects  of  nuclear  detonation  upon  many  kinds  of  tactical 
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squipoent  and  structures  hare  bean  studied.  This  part  of  tb»  program 
has,  ia  general,  sncoumsred  three  type*  cf  investigations,  They  ares 

1.  In  investigation  into  blast  and  radiation  nhenooe»  occurring 
in  ground  and  air  s^uis  ir.  the  vicinity  of  a  detonation  (or  in  the 
water  Media  where  applicable). 

2.  An  investigation  of  the  force*  on  or  impulses  imparted  to  test 
items  by  the  blast  wav*. 

3.  A  study  cf  the  reaction  of  the  various  teat  iteaa  to  the  re¬ 
sulting  forces,  iamlees,  or  therwl  radiation  intensities. 

At  the  cutset  of  the  program  (and  even  before  Hiroshima )  attempt? 
were  and*  at  theoretical  analysis  which  would,  by  considering  the 
energy  and  momentum  relations  and  the  thermodynamic  properties  of  the 
aediur,  predict  the  blast  rbenoeena.  This  medium  was  generally  air, 
and  It  ia  the  blsat  wave  in  air  that  la  of  interest  here.  Reference  12, 
Kasnne  of  the  Theory  of  Plant  Shock  and  Adiabatic  Waves  with  Amplica¬ 
tions  to  the  Theory  of  Shock  Tnbes.  published  in  March,  lc50,  by  the 
Ballistics  Research  Laboratories  and  Ref  13,  Operation  GREZ?IHCCSE  Scien¬ 
tific  Directors'  Report,  Annex  3.3,  H.  S.  Air  force  Sfcructuree,  Appen¬ 
dix  E,  Section  I,  WT-59,  develop  this  theory.  Reference  1,  The  Effects 
of  Atonic  Weapons,  prepared  under  the  direction  of  the  Los  Alamos 
Scientific  ia  bora  tory,  presents  an  axcellsnt  dsscription  of  a  nuclsar 
detonation  with  its  associated  blast,  therml,  and  radiation  phenomena. 
Reference  2,  The  Capabilities  of  Atonic  Weapons.  Department  of  the  Army 
Technical  Manual,  TM  23-200,  presents  up-to-date  weaDone  effects  data 
in  graphical  fora. 

It  is  by  no  means  iapllsd  here  that  the  basic  pbanoaena  are  coo- 
pletely  or  even  nearly  coaplstely  understood.  As  is  brought  oat  fur¬ 
ther  in  this  report,  each  reseins  to  be  leerned  of  blast  pbenoasna  fer 
detonations  at  relatively  low  altitudes. 

Jfach  experimental  and  analytical  work  has  been  acccopllabed  and  is 
at  the  present  being  undertaken  to  term  criteria  which  will  weka  poa- 
albla  accurate  calculations  of  tbs  force  of  the  blast  wave  on  all  types 
of  structures.  In  addition  to  testa  involving  relatively  large  teat 
structures  being  subjected  to  atoele  blasts,  laboratory  teste  of  siepi* 
geometric  shape*  or  aodel  structure*  ia  shook  tubes  cad  wind  tunnels 
have  been  conducted.  Cf  particular  interest  hare  la  the  eerk  dens  at 
tbs  Massachusetts  Institute  of  Technology  in  the  latter  pert  of  1950 
and  early  1951  on  truss  bridges,  Bef  8,  Bebewicr  of  Trove  Bridges  Psdar 
Blast  tram  an  Atoelo  Bostb.  Modal  bridge  trusses  and  floor  sections  ~ 
wore  tested  separately  and  together  wanted  on  force- sene leg  sc opart* 
in  a  wind  tunnel.  Ia  this  say,  such  effects  ae  shielding  of  on*  truss 
by  another  as  a  function  cf  the  spacing  be  tees  a  the  two  trasses  and  the 
effect  of  the  angle  bs  tween  the  direction  of  blast  propagation  and  the 
osnterline  cf  tbs  bridge  nr*  determined.  After  the  f erase  sere  deter¬ 
mined,  a  response  analysis  of  tbs  prototype  hrlf  >  saw  wad*. 

1U  JBBSEL 


The  major  pbenoasna  associated  with  as  ata.  art  way  be  cata¬ 
logued  as  blast  pbanowsna,  thermal  radiation  pkeacow  asd  geswa  and 
nsutroo  radiation  phenomena.  It  i«  the  effacte  of  blest  which  are  at 
prlaary  iwpcartaao*  with  a  bridge  structure.  The  melser  r^artlow  which 
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occurs  when  an  atomic  bomb  is  detonated  in  accompanied  by  tbs  release 
of  a  mat  quanti'.y  cf  energy,  a  large  portion  of  which  beat*  and  vapor- 
iisa  the  materia  .a  of  which  the  weapon  ia  eoopcesd.  The  high  pressure 
of  the  vaporized  naterlala  thus  created  gives  rise  to  an  eastward  lave¬ 
ment,  ant',  a  radially  e  Trending,  spherical  shock  wave  is  initiated. 

The  bias--  manifests  itoelf  at  a  point  near  the  ground  aa  a  sudden  rlee 
in  pressure  free  acblent  atmosnberic  pressure  to  a  peak  whoee  value 
depends  on  the  sire  cf  the  weapon  and  the  distance  to  the  point  in 
question.  The  passage  of  the  blast  wave  is  accompanied  by  high  velo¬ 
city  winda  traveling  in  tbe  direction  cf  blast  propagation  and  a  decay 
in  pressure  back  to  ambient.  This  series  of  events  is  tenned  the  posi¬ 
tive  phase,  and  the  duration  of  the  events  is  the  positive  phase  dura¬ 
tion.  After  reaching  anbiant,  the  overpressure  continues  to  drop  to  a 
negative  Talue  somewt*t  less  in  magnitude  than  the  corresponding  peak 
positive  overpressure.  It  then  sloely  rises  to  ambient.  This  latter 
series  of  sventa  is  the  negative  phase. 

In  tbe  absence  of  precursor  or  similar  effects,  the  Ideal  blast 
wave  overpressure  may  be  represented  approximately  by  the  equation 


P<t)  =  PSo(i~T7)«‘K7r 

(H) 

wbare  p  (t)  = 

free  stream  overpressure 
(pressure  above  atmospheric) 
as  a  function  of  time 

Pso  - 

peak  overpressure 

t,  * 

poeftiwe  phase  duration 

K  : 

a  number  which  experimentally 
has  been  shown  to  vary  from 
about  0.2  to  2.2 

It  will  be  noted  that,  in  the  equation,  f  =o  is  takan  to  be  the 
time  at  which  tbs  wave  arrives  at  the  point  in  question.  Tbe  relation 
is  illustrated  in  Fig.  1.1. 


Time  offer  arrival  of  shock  front 

Fig.  1.1  Shook  Overpressure-Time  Curve  Showing 
Positive  and  Ksgatlve  Phases 
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Tha  InUrpretiition  of  the  blast  war*  in  tsrrs  of  a  forcing  func¬ 
tion  is  not  as  easy  to  express  analytically  as  is  tbs  blast  *sve  lteslf. 
Tbs  fores  on  s  structure  begins  <rith  tbs  incidencs  of  the  blast  tars  cn 
tbs  rurfa-'»  of  tbs  structure  and  can  be  broken  down  into  two  eoepcnsnts: 
tbs  shock  fs?ce,Fs  ,  and  th*  drag  force, F..  Tbs  Fs  i«  attributed  to  the 
fores  of  the  blast  front  cn  tbs  structure  and  is  initially  the  reflected 
pressure  of  tns  blest  war*  aultl plied  by  tbs  area  of  the  structure  nor- 
sal  to  tbs  direction  of  blast  propagation.  Tbs  re fisc ted  pressure 
rapidly  decays  to  side-on  (free  stress)  pressure,  and  Fs  accordingly 
decays,  risen  the  shock  front  reaches  and  begins  to  travel  down  the 
rear  fa  os  cf  tbs  structure,  pressure  builds  up  on  that  face  and  soo». 
reaches  side  on  raio*.  Thus,  the  shock  force  on  tbs  front  face  is 
soon  opposed  by  an  equal  and  opposite  force  ca  the  rear  face,  and  the 
net  wains  of  Fs  cn  the  structure  becomes  aero.  Tbs  length  of  tins  that 
a  net  shock  foro*  is  acting  cos  the  structure  is,  therefore,  dependant 
on  th_  tins  it  takes  the  ebook  front  to  pass  from  tbs  front  face  to  tbs 
rear  fa os,  and  so  is  dependent  cn  tbs  depth  of  tbs  structure  in  tbs 
direction  of  blast  propagation.  Sines  for  structures  of  small  depth 
tbs  shock  farce  acts  for  such  a  abort  period  of  time  coopered  to  the 
response  time  of  the  structure,  it  ie  quite  often  convenient  to  eon- 
eider  the  shock  is colas, Is  ,  rather  than  the  shook  force.  It  has  been 
found  that  the  shock  impulse  varies  very  nearly  linearly  with  the 
initial  side-on  overpressure,  Ps0  ,  for  any  given  structural  eeaberj 
and,  there  fere,  a  quantity  my  be  introduced  which  is  s  constant  prop* 
erty  of  the  structure  considered  (Chapiter  3,  Kef  8).  This  quantity  is 
tk*  ratio  of  unit  lapels c  to  peak  overpressure,  where  unit  impulse  is 
tbs  ispolas  per  unit  of  area  upon  which  the  shock  front  is  incident. 

The  shock  ispuise  imparted  to  tbs  structure  on  passage  of  the  blast 
wave  Is  thus  given  by  tbs  following  equation: 

!s(-|fiKA  a2> 

where  Io  =  unit  impulse  (impulse  delivered 
to  the  structure  per  unit  area) 

A  -  area  exposed  to  the  shock  frost 

(jg-  ]=  ratio  cf  urit  impels*  to  peak 
"  so-  overpressure  (a  property  of  the 
structure) 

Values  of  the  ratio  of  unit  impulse  to  peak  pressure  may  be  tabulated 
for  different  structures  and  are  presented  in  Fig.  1.2  as  a  function 
of  dimensions  far  a  rectangular  section. 

The  drag  force  rs suits  free  the  high  velocity  winds  iawdistaiy 
following  the  shock  front.  The  fere*  ie  expressed  by  the  equation 

Fd  =  C<jqAe?f  0.3) 

where:  C<j  *  drag  coefficient,  a  non-dimensional  constant 
Agff-  area  effective  in  resisting  drag  pressure 
q  ■  dynamic  drag  pressure 

Tbs  dynastic  pressure,  q  ,  is  defined  mathsaatieeHy  through  the  relation 

q  =^v*  (1.4) 
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12  3  4 

llith,  *  (ft) 


tit*  Shook  Impolm  aa  a  Faction  at  f  idth  and  Depth 
at  1 eater  Subjaet  to  Serial  Shock 
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share  i  p  -  density  of  tba  aediua  (air) 

v  =  Telocity  of  the  ■odium  (rind  Telocity) 
far  un  ideal  plane  adiabatio  ghock  mf,p  and  v  ara  alalia  rained 
functions  of  p  for  any  particular  aablaat  atmospheric  pare  «  mire ;  go, 
for  any  instantaneous  value  of  p,  there  arinte  a  corresponding  ralua 
of  q  ,  Tb#  relation  is 

share i  P0  =  ataoenherie  pressure. 

Tbna,  froa  the  overprcsaure-tiae  curve  and  fro*  fig.  1.3,  a 
dyn&aio  preesure-tiae  curve  aay  be  constructed.  It  ahoold  be  r*  ■su¬ 
bs  red  that  this  curve  la  da  rived  aaetating  the  validity  of  Equation  1.5. 
Under  certain  eircuaatancea  significant  deviations  froe  this  curve  have 
been  observed,  and  valuas  of  q  actually  realised  have  been  higher  than 
yooid  be  indicated  by  the  corresponding  value  of  p  .  (See  Section 
4.2.1  and  fig.  4.10.) 


q s  $  p* 

7P0+  p 

q 1  Dynamo  Pressure - 

p *  Density 

V*  Velocity 

P«  Overpressure  - - - 

Po=  Ambient  Atmospheric  Pressure 

T<*tc  from  Operation  Greenhouse  — 
Scientific  Directors  Report 
Anne*  3. 3  U.S.  Air  Force  Structures 
Appendix  E,  Section  I  i 

WT5S  equation  4, 19  page  19  . 


£ 

a 

I  3 


V  13.0 


0  2  4  6  8  10  12  i4  16  18 

Side  on  overpressure,  P,  psi 
fig.  1.3  2ynaaic  Pressure  vs  Sid#  an  Owsrp sesswre 
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The  c^TMJdo  pressure  vs  tiff*  cnrvs  my  be  Interpreted  in  tern#  of 
a  farce- tie*  ettrvs  by  application  of  Equation  1.3.  Thin  i*  plotted  in 
fig.  1.4  with  the  aeensptloa  that  cd  i*  *  constant  and  does  not  deoend 
upon  q  .  In  calculation*,  it  ia  ecrrreoiant  to  approncieate  thia  rela¬ 
tion— at  least,  cmr  the  poaltlte  phase  region — by  a  staple,  arpreso- 
ihle  analytic  funaticn.  Teo  possible  functions  are  tha  following 

Fq  If)  -  Fq0f'  ^  (16) 

Fq(t)  •- Fd0«' ij’cos  90 -{7  (1.7) 

share  1  Fq0  *  peak  mlue  at  drag  force 

The  relatiw  unisportanoe  of  the  nsgatire  phase  is  apparent  In  fig. 

1.4. 


Tig.  1.4  Drag  Tare*  v*  Tine 
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CE4FTSR  2 


asE&ag&BiLmL 


2.1  gflPAL 

Tbs  term  "prefabricated"  applies  to  bridges  which  ors  aoeeabled 
"erector  sot*  fashion  froa  preformed  structural  cow  pone nta  car  bridging 
Material.  The  word  "fixed*  is  used  to  distinguish  this  class  of  bridg¬ 
ing  froa  floating  or  ponton  bridges. 

Ths  present  standard  prefabricated  fixed  bridge  In  major  use  by 
the  kray  is  the  panal  bridge,  Bailey  type,  M2  (Ref  3,  TK  5-277),  cr  the 
■Bailey,"  as  It  ia  called.  Several  alternate  type  a  of  fixsd  bridging 
ore  in  Tarlous  stages  of  development.  Tbs  ooat  promising  of  these  new 
appears  to  be  the  Bridge,  Fixed,  Panel,  Single  lane,  Aluainsai,  T5,  or 
sin  ply  the  *T6,"  as  it  is  referred  to  hereinafter.  It  was  thus  de«»d 
desirable  that  the  major  effort  of  Project  3.2 2  should  be  directed 
toward  a  teat  of  Bailey  bridging.  A  lesser  part  of  the  work  was  to 
deal  with  a  comparison  taat  between  T6  and  Bailey  bridging. 

2.2  SBJBI3SL  *2.  BRIDGE 

Bailey  components  are  such  that  lengths  of  bridge  in  Multiples 
of  10  ft  up  to  a  maximum  of  210  ft  aud  capacities  up  to  80  tone  are 
possible.  The  aajor  load-carrying  components  are  the  ns  no  la,  transects, 
stringers,-  and  decking;  and  a  description  of  these  parts  follows. 

2.2.1  Ihnel 

the  Bailey  panel  is  10  ft  long  and  approximately  5  ft  high  and 
is  fabricated  primarily  froa  4  in.  channel  sections.  The  bridge 
trusses  consist  of  several  panels  pinned  end  to  end  to  provide  the 
desired  length  and  bolted  side-by-side  or  one  above  the  other  to  obtain 
the  desired  capaoity.  The  type  of  trass  construction  is  designated  by 
a  term  such  as  double-truss,  single-story,  or  simply  double- s ingle ,  by  1 
which  is  meant  a  truss  section  composed  of  two  panels  side -by- side  and 
one  panel  high.  Truss  constructions  up  to  triple-triple  are  possible. 
Figure  2,1  shews  a  single,  isolated  Bailey  panel;  and  Fig.  2.2  illus¬ 
trates  doable- single  truss  construction  with  a  cutaway  view. 
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I 


Fig.  2.2  Doable- Trass  Single-Story  Bliley  Construction 


i  10- ft  length  of  bridging  is  an  integral  unit  attached  to 
adjacent  lengths  only  by  the  pins  connecting  the  panels.  Such  a  sec¬ 
tion  is  called  a  "bay*  of  bridging, 
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2.2.2  Trsrjm 


Tbs  transom  is  as  I-beam  approximately  20  ft  long  which  eroeaee 
underneath  tha  flooring  and  stringers  and  which  rest*  on  tba  transom 
seat  (aw*  fig.  2.1)  of  tba  loeer  chord  aeabors  of  tha  panala.  It 
aarrsa  to  transmit  load  from  tba  deck  and  atrlngara  to  tbs  trusses  and 
to  tia  tba  two  tnuses  together.  In  iaolatad  transom  i a  Illustrated  in 
fig.  2.3.  Figure  2.2  shows  tba  incorporation  of  the  transom  In  tba 
overall  structure. 


Tbs  htringars  support.  tba  daok  with  its  load  and  transmit  this 
load  to  tbs  transoms.  They  arw  composed  primarily  of  4- In.  I-beam  mam- 
bora  10  ft  long.  Throw  such  mashers  arm  attached  together  by  means  of 
lateral  spacing  Mahers*  and  thus  fen  a  stringer  unit.  Six  stringer 
units  arm  planed  sida-by-sld*  across  tbs  transoms  a  a  in  Fig.  2.2  to 
provide  complete  decking  support  far  one  bay  of  bridge. 

Stringers  art  of  two  type*— button  and  plain.  Tbs  bottom 
stringers  haws  notches  to  rsoeite  tbs  ends  of  tbs  floor  planks.  Two  of 
tbs  six  stringers  in  each  bay  of  the  bridge  are  of  this  type. 
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Three-ln.  thick  by  ^-in.  vide  planks  (or  chess,  as  they  *rs 
called)  prccriii  a  solid  'lack.  A  cl*s*  is  Illustrated  in  fig.  2.5. 


Tbs  eoepieted  bridge  rith  obsas  sod  sin or  noo-loaJ- carrying 
components  appears  in  Fig,  2.6.  Tbesa  additional  component#  us  rak¬ 
ers,  bracing  frees s,  and  posts,  riband,  trsnson  claaps,  and  ssay 
bra  oss. 


2.2.4  Raters 

The  raters  provide  lateral  support  for  the  inner  trass  panels. 
They  ran  diagonally  froa  tbs  top  of  tbs  panel  down  to  the  trace oa. 

2.2.5  Brining  Fmaes 

Tbs  brsoing  fraees  eenre  to  rigidly  bra  os  tbs  ocrtsr  panels  to 
tbs  inner  panels,  thus  Baking  tbs  trass  a  rigid  unit. 

2.2.6  End  Poet a 

The  and  posts  attach  to  the  panels  at  tbs  end  of  the  bridge, 
thus  providing  a  link  betesen  the  trasses  and  the  bridge  bearings. 

2.2.7  Riband 

The  riband  or  curb  rail  act*  both  In  tbs  capacity  of  a  curb 
and  In  the  capacity  of  a  deep  to  deep  the  plank  deck  to  the  string* 
are  of  the  bridge. 

2.2.8  Haaafla  £1mp 

Tbs  trace  on  deep  rigidly  deeps  the  tranaon  to  the  panel  as 
Indicated  in  fig.  2.7.  Tbs  lover  part  of  the  deep  fits  into  the  slot 
In  the  transou  seat,  and  the  upper  part  fits  into  a  slot  In  the  up¬ 
right  asaber  of  the  panel. 
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Fig.  2,6  Tie*  of  Underside  of  Bulley  Showing  Swoy  Bracing 


29 

CONFIDENTIAL-  RESTRICTED  DATA 


2.2.9  gflT  PmclSg 


Tbs  underside  of  tbs  bridge  as  sssa  la  Tig,  2.8  shows  tbs  sway 
brace  connections.  The  sway  bracing  (or  lateral  bracing)  provides  lat¬ 
eral  strength  and  rigidity  to  tbs  structure  as  a  whols  when  subjected 
to  borlsontal  loads;  and  the  sway  bracing,  as  w*  shall  see  later,  is 
vary  ia portent  la  blast  loading  calculations. 

2.3  rs  z&mzz 

Tbs  T-6  has  in  general  the  saws  cooponsnte  ae  the  Bailey,  tbs 
rain  differences  being  in  its  site,  weight,  and  carrying  capacity.  ?cr 
instance,  a  T-6  bay  is  15  ft  long.  The  part  of  the  T-6  corresponding 
to  the  treason  in  the  Bailey  is  called  a  floor  beaa,  and  ths  part  cor¬ 
responding  to  a  Bailey's  raker  is  called  a  truss  braos.  A  solid  aluai- 
oas  deck  is  used  on  ths  T-6.  A  bay  of  T-6  is  shown  in  Fig.  2.9. 


I  -’i-i 


-S'" 


Fig.  2.9  7hs  T-6  Bridge 
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CHAPTSH  3 


3.1  G5MBRAL 

Tha  teat  work  acconpliebed  under  Project  3.22  inrolwed  two  atomic 
detonationa  over  the  saae  ground  aero  and  three  teat  structure  sitea 
referred  to  herein  as  sites  A,  B,  and  C.  The  two  atomic  shots  were 
Shota  9  and  10  of  the  test  series.  The  Project  3.22  test  sites  sere 
laid  out  at  distances  from  the  intended  ground  aero  such  that  the  blast 
conditions  sere  anticipated  to  be  as  indicated  in  Table  3.1. 


TABUS  3.1  .  Anticipated  Blast  Conditions 


Site 

Shot  9 

Shot  10 

Pso  ( PSI ) 

q0{psi) 

t,  (sec) 

PS0  (PSI) 

q0(  psi  ) 

t,  ( sec ) 

A 

13.0 

0.76 

12.0 

3.5 

0.60 

B 

8.0 

1.6 

0.80 

3.5 

mm 

0.75 

c 

16.8 

0.74 

19.0 

8.2 

0.50 

Tbs  anticipated  90  seines  vers  calculated  from  the  expected  aaxl- 
■os  pressures  based  on  the  relationships  which  apply  to  idealised  or 
non- pro curs or  type  blast  eases  in  the  .Ha oh  region. 


3.2  issi-sigga 


The  structure  chosen  for  tbs  mjor  part  of  the  test  effort  vas  a 
100-ft  double-single  Bailey  bridge,  and  taro  of  these  were  tested.  One 
vas  subjected  to  Shot  9,  and  both  were  subjected  to  Shot  10.  This  par¬ 
ticular  bridge  vas  chosen  for  two  reasons:  first,  sufficient  bridging 
material  for  two  such  bridges  ess  readily  available;  and  second,  the 
bridge  la  of  intermediate  length  and  capacity  and  therefore  permits 
extrapolation  cf  results  to  both  shorter  and  longer  bridges. 


31 

CONFIDENTIAL- RESTRICTED  DATA 


7.2.1  Shafc-2 

A  100- ft  double-single  Bailey  brides  was  erected  at  Sit*  B 
prior  to  tho  shot.  The  brides  was  positioned  oo  pier*  aa  shorn  diagraa- 
aaticnlly  in  Fig.  3.1  such  that  its  lower  chord  was  aonrccdmately  22  ft 
above  ground  level  and  its  centerline  was  perpendicular  to  the  antici- 
patsd  direction  of  blast  propagation.  This  particular  elsration  was 
cbosan  to  facilitate  non-dust- obscured  action  picture  coverage  of 
bridge  response,  The  perpendicular  orientation  was  chosen  in  considera¬ 
tion"  of  the  results  of  the  M.  I.  T.  wind  tunnel  testa,  where  it  was 
shown  that  maxima  loading  severity  occurs  for  blast  loading  alaost 
directly  from  the  side  of  the  bridge.  The  conpleted  bridge  is  illus¬ 
trated  in  Fig.  3.2. 


Tig.  3.1  Bailey  Bridge  Test  Structure 


•i 


lllrfi 


J 


Tig.  3.2  Cocpleted  Teet  Structure  at  Site  B 
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Sit*  B  ni  located  such  that  tha  anticipated  shock  and  wind 
fore**  would  ba  essentially  horisootal. 

Each  of  the  bridge  and  posts  wvs  fitted  at  Its  lower  and  with 
a  short  piaoa  of  cjlindrioal  bar  attached  in  such  a  manner  that  tha 
centerline  of  the  bar  was  horliontAl  and  perpendicular  to  the  center¬ 
line  of  the  bridge,  as  in  Fig.  3.3.  Thaee  bar*  in  turn  rested  In  chan¬ 
nel  irons  which  were  bolted  to  the  top  of  the  piers.  The  entire  weight 
of  the  bridge  was  therefor#  transmitted  to  the  channels  through  eight 
such  bars  (four  sod  costs  at  either  end  of  the  bridge)  and  waa  free  to 
slide  in  tbs  channels. 

Piers  similar  to  those  at  Site  B  were  erected  at  Site  A  in 
preparation  for  an  identical  bridge.  The  bridge  at  A  waa  not  plaoed, 
however,  until  just  prior  to  Shot  10.  Figure  3.4  illustrates  the  piers. 

At  Sit*  C,  there  were  two  structures— a  single  bay  of  Ballsy 
single-single  without  deck  and  stringers,  and  a  slngla  bay  of  T6  with 
decking. 

Again,  the  orientation  waa  chosen  perpendicular  to  tbs  direc¬ 
tion  of  blast  propagation. 

3.2.2  SfrS&.IP 

A  bridge  identical  to  that  at  Sit*  B  waa  erected  at  Sit*  A  for 
participation  in  the  Shot  10  t*et,  as  has  previously  been  Mentioned. 

It  was  realized  that  the  blast  conditions  at  Sit*  B  would  not 
be  as  sever*  for  Shot  10  as  they  had  been  far  Shot  9,  so  the  bridge 
was  welded  solidly  in  place  to  increase  the  severity  of  tbs  loading. 

In  every  other  respect,  the  structures  were  arranged  as  for  Shot  9. 

3.3  ggjyprrcm.cy 

Data  far  Project  3.22  was  provided  by  three  means!  basic  instru¬ 
mentation,  project  Instrumentation,  and  befare-and-after  inspection. 

3.3.1  Basic  Instrunentation 

Basic  data  used  In  this  report  consist  of  overpressure- time  and 
dynamic  pressure-tins  measurements  made  at  stations  along  the  blast 
line  and  at  different  heights  above  ground  level  at  each  station.  In¬ 
strumentation  far  these  measurements  was  provided  by  tha  KsvslI  Ordnance 
laboratory  and  by  the  Stanford  Research  Institute, 

Certain  assumptions  had  to  be  and*  concerning  these  data. 

Slno*  the  bridge  structures  were  not  placed  along  the  blast  line,  it 
was  necessary  to  assume  a  symmetrical  blast  wave  about  ground  aero; 
1.*.,  that  the  blast  intensity  and  duration  along  any  line  extending 
from  ground  aero  was  the  same  as  the  intensity  and  duration  along  tbs 
blast  line  far  equal  distances  from  ground  ssro.  Also,  since  measure¬ 
ments  were  not  made  at  tha  asset  ground  range  of  the  bridge  or  the 
exact  height  above  ground  level  of  tha  bridge,  it  was  necessary  to 
interpolate  data  both  as  to  height  and  range. 

The  coordinates  of  the  true  ground  ssro  with  respect  to  the 
intended  ground  zero  (the  aiming  point)  were  also  supplied  as  basic 
data. 
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Fi*.  3.3  Bridge  Koontlag,  Site  B 


***»  3.4  Piers,  Site  A 
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3.3.2  Project  Icatnacntatlan 

The  instruaentatian  which  was  acccwpiisbed  in  direct  tup  port  of 
Projwct  3.22  consisted  of  acceleration  waararewnt*  (carried  cut  by 
personnel  of  the  Ballistic  Research  Laboratories )  and  soticn  picture 
c overact  of  bridge  response  (by  AFCFP,  Pro^ra a  9). 

Each  of  the  bridges  at  Sites  A  and  B  had  one  accwlaroswtsr  cf 
the  re Bote  recording  type,  becked  up  by  one  self -contained  recording 
acceleroaeter ,  The  reaote  recording  and  self- cental nod  acoslercseters 
were  both  attached  to  the  bridge  two  bays  free  one  end  ( two-tertfca  of 
the  length  of  the  bridge  frcai  one  end)  in  such  a  Banner  aa  to  aearcre 
acceleration  in  a  hariaontal  plane  in  a  direction  toward  and  away  from 
the  intended  ground  aero,  figure  3.5  illustrates  the  place sent  of  the 
gages. 


Front  Elevation 


Fig.  3.5  Aecelercnetsr  and  Camera  Locations  at  Site  B 


Motion  pictures  vs re  to  provide  a  visual  record  of  the  bridge 
response  at  Site  B  for  Shot  9  and  at  Site  A  for  Shot  10.  Four  cameras 
were  located  off  the  ends  of  the  bridge  on  towers  at  Site  B  as  shewn 
in  Fig.  3.5.  At  Site  A,  two  osjasras  were  ussd,  located  at  approximately 
the  sane  relative  position  as  cameras  %  and  B2  at  Site  B. 

Vertical,  evenly  spaced  strlpse  were  painted  00  the  aide  cf  the 
channel  irons  on  the  piers.  So,  by  choosing  any  point  of  reference  on 
the  bridge,  the  ties  dlsplaoeaent  history  of  tbs  bridge  way  be  shown 
as  rely  by  plotting  tbs  position  of  this  point  with  refare  noe  to  the 
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scale  versus  tin*.  It  was  planned  that  enlerfjeaent#  of  selected  notion 
pic  turn  fmaso  would  be  and*  to  accoaplish  this. 


I 


CHAPTER  4 
RESULTS 


4.2  S22L2L 
4.1.1  SikLi 

1  As  has  be«n  stated  la  Chapter  J,  tbs  bridge  at  Sits  A  waa  not 

erected  far  participation  la  Shot  9 j  however,  It  is  of  latsrsst  to  not# 
tbs  effect  uf  the  blast  on  the  piers  at  that  site,  since  these  piers 
were  Bade  of  standard  Bailey  components.  We  shall  introduce,  at  this 
point,  an  angle  of  yaw  which  is  tbs  angle  between  the  bridge  centerline 
and  tbs  blast  front  (farther  defined  in  Fig.  4.1).  Dae  to  boebin*; 
error,  this  angle  waa  not  were  as  was  planned.  The  basic  data  are  pre¬ 
sented  in  Table  4.1. 


TABU!  4.1  -  Basic  Data.  Shot  9.  Site  A 


wmgm 

mam 

mm 

0 

■in 

HcijH 

(deg) 

Actual 

H.O 

2.45 

0.81 

18.4 

Predicted 

13.0 

4.0 

0.76 

0 

Tig'tr*  4.2  la  a  reproduction  of  a  praaoure-tlaa  record  fro*  a 
(i{t  station  iooatad  at  apprcalaately  the  mm  nag*  aa  Sita  A  sod  at 
an  elevation  of  10  ft. 


fig .  4.2  Sbot  9  Overpratecrw  Barnard  at  tha  Appradnata  Bang#  of  Sita  A 

rigors  4.3  abort  portion*  of  tba  plara  aftar  Shot  9.  Bxurina- 
tlon  of  thaaa  photographs  reveals  banding  in  tha  panal  chorda  at  tha 
point  of  junctor*  with  tha  away  bracaa.  It  will  b*  noticed  that  tha 
sway  braoaa  that  wan.  antic  1  pa  tad  would  ha  in  tension  bad  baan  doubled 
to  lnoraaoa  tha  cr»a rail  strength  of  tha  plar.  Thla  it  not  standard 
Ballsy  constitution. 

4.1.2  Sita  B 

TWbla  4.2  shows  tha  basic  data  relative  to  Sit*  B  for  Sbot  9. 
Tha  paak  overpreaanr*  and  positive  phase  duration  wars  obtained  by 
•rtra pointing  data  obtainad  at  gag*  station a  aa  shows  in  Appendix  B. 

Tha  vertical  o opponent  of  tbarnal  intensity  is  alto  Included  aa  being 
of  inportane*  In  the  Ignition  of  tha  wooden  deck. 


tABOt  1,2  -  Basic  Data.  Shot  9.  Site  B 


P»o 

<*0 

Qv 

e 

(pel) 

(mi) 

(aac) 

(cal/ca  ) 

(dag) 

Actual 

7.75 

1.52 

0.94 

19.5 

11.0 

Predicted 

8.00 

1.62 

0.80 

. 

0 

figure  4.4  ia  a  reproduction  of  a  pressure-tins  raoord  takan 
froa  a  gag*  station  Iooatad  at  apprcodnataly  the  mm  rang*  as  Sita  B 
and  at  an  a  la  ration  of  10  ft. 


At  tb*  rang*  of  tha  bridge,  the  Hash  atan  reached  a  height  of 
2S.5  ft  (Baf  5,  *T-711)j  and  tha  bridge  was  prwaaaably  antlraly  within 
tbs  Mach  raflactlon  region,  sinoa  It*  ovwrall  height  above  ground  level 
was  27.0  ft. 
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•*  * 

r 

ILl* 


1 

'  4 

•••  ,e4k.  .! 

b.  Sooth  Plar 


W«.  4.3  lfcatg*  Portion  of  Sit*  4  Plow  After  Shot  9 
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i.  VaL'th  Flop 


Tine 


Fig.  4.4  Shot  9  Overpressure  Record  at  the  Approximate  Rang*  of  Site  B 

Tba  response  of  tba  bridge  nay  ba  followed  ia  the  aerie*  of 
photographs  In  F if.  4.5.  These  photo*  »r»  merely  enlarged  prints  of 
16  OB  moving  picture  frames.  Figure  4.5a  above  tba  bridge  0.30  see 
after  detonation  tin*.  Tba  incident  the  real  energy  has  ignited  the 
deck,  and  the  deck  is  smoldering.  Figures  4.5a  through  4*5d  present 
the  thermal  phase  of  the  response.  At  H  3.05  sec  (Fig.  4.5a),  tb# 
blest  ears  has  arrived.  Figure  4.5f  shoes  xhe  bridge  after  passage  of 
the  blast  wave.  A  postshot  inspection  of  tbs  deck  revealed  that  the 
net  effect  of  the  burning  vaa  to  char  only  slightly  tba  surface  of  the 
paint. 

Figure  4.6  presents  the  displacement  of  the  two  ends  of  tba 
bridge  aa  a  function  of  time  as  dot# rained  fro*  tba  action  pictures  of 
each  end  (Appendix  C).  It  will  ba  noted  that  tba  total  distance  slid 
aaa  30  in.  on  one  end  of  the  bridge,  and  57  in.  on  the  other  and. 
Therefore,  the  center  of  gravity  acted  30  +  57  in.,  or  43.5  in. 

2 

Inspection  of  the  skid  aarks  in  the  channel  shoved  that  the 
bridge  can e  to  a  stop  at  its  maximum  displace Bent  and  did  not  there¬ 
after  slide  back  toward  ground  aero  during  the  negative  phase.  The 
skid  narks  showed  evidence  that  the  bridge  bad  slid  sideways  slightly, 
such  that  the  lower  part  «jf  the  end  poets  were  binding  against  one  edge 
of  the  channel  over  part  of  the  bridge  travel.  This  is  shown  ia  Fig. 
4.7. 

The  acceleration  record  obtained  from  the  ERA  gage  Is  given  in 
Fig.  4.8.  The  record  obtained  fron  the  Wianeko  acceleration  neasure- 
nenta  appeared  extremely  erratic  and  indicated  frequencies  in  excess 
of  the  natural  frequency  of  the  gage  (100  cpe).  Since  the  instrument¬ 
ing  agency  enccnntered  trouble  with  the  recording  apparatus,  those 
records  are  only  presented  in  part.  Figure  4.9  is  taken  directly  from 
the  records. 

Vo  permanent  deformation  of  bridge  or  pier  components  was  de¬ 
tectable.  ('VrK-/  **  -n  sliding  of  tbs  bridge  as  a  unit  and  alight  chir¬ 
ring  of  the  minted  surfaces,  the  only  damage  occurred  in  the  slight 
lifting  of  the  floor  aections  of  two  bays.  It  required  levs  ♦->«*  5  nir, 
for  one  man  to  jostle  them  into  place  with  a  bar. 
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•.  I  3.05 


t,  H  5.«5 


Tig,  4.5  Ignition  and  Burning  of  Brtige  Book  at  Sit*  B 
3nb— qo*nt  to  Catenation  of  Shot  9 
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Tig .  4.8  ERA  Acceleration  of  Structure,  Sit*  B,  Shot  9 
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Fig  4.9  Vlanoko 


4.2.3  31 to  C 


t 

4 

t 


The  basic  data  restive  to  the  test  structures  at  Site  C  are 
par* so n tad  la  Tebla  4.3. 


TABI£  4.3  -  3*slo  'Jata,  Shot  9,  Site  C 


% 

9 

(poi) 

(pel) 

(see) 

(deg) 

Actual 

19.0 

1.10 

0.65 

3.15 

Predicted 

16.8 

0.74 

0 

Tb*  affect  of  the  boabing  error  wa*  to  cause  an  exceedingly 
high  angle  of  yaw  for  the  structure  at  Site  Cj  and,  while  this  deoreaaee 
the  value  of  this  portion  of  the  teat,  the  obeerratione  are  worth  not- 
ing.#  Both  bridge*  slid  along  the  ground  without  any  daaage  wbataver. 
BecAuse  the  blast  front  struck  then  at  an  angle,  they  were  both  turned 
•one what.  The  Beilay  bridge  alid  about  twice  as  far  aa  did  tha  T6. 

4.2  SSSLIO 

4.2.1  Site  A 

Blaat  preesure,  duration,  ate.,  are  liated  in  Tabla  4.4. 


-*pns  4,4  -  Basle  Data,  Shot  10,  Site  1 


Pso 

% 

Qv 

9 

(p«i) 

(pei) 

(see) 

(eal/ca  ) 

(deg) 

Actual 

10.6 

6 

0.60 

22.4 

5 

Predicted 

12.0 

3.5 

0.66 

_ 

0 

In  T  ig.  4.10,  dyne  ale  pressure  recarda  at  two  baighte  above 
grennd  level  at  tha  approxiaate  range  of  Site  4  are  presented  along  with 
thiilr  corresponding  overpressure  records.  Tha  dotted  curves  are  tbs 
dynanie  pressures  which  would  be  expected  on  tbs  basis  of  tbs  correspond¬ 
ing  orertressures.  Caution  shcaild  be  used  in  the  interpretation  of  the 
dynaaic  pressure  records,  as  the  information  obtained  fro.  Sandia  Corpo- 
raUon  indicates  that  these  gages  were  non-linear  in  the  higher  pressure 
regions  and  had  saturated.  The  pressures  say  haws  been  aach  higher  than 
the  6  pai  indicated  by  the  records. 

In  intense  precursor  ware  was  observed  at  Sitae  A  and  C. 

Shot  10  was  detonated  such  .ore  closely  over  tbs  aiming  point 
than  was  .3hot  9j  consequently,  angles  of  yaw  were  «uch  less  at  all 
a-ructure  sites.  However,  other  factors  contrived  to  produce  results 
of  Halted  value  for  the  bridge  at  Site  A.  The  bridge  slid  acre  than 
20  ft  Ucopletely  off  the  piers)  and  landed  on  the  ground  behind  the 
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x r: 
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1  •  1  M  f*  4 

:;  >  >  i  2, 

_ rr/: 


fig.  4.11  Dung*  to  Carnrs  Tower,  Sit •  A,  Shot  10 


1.02  1.03  1.0*  1.05  1.06  1.07  1.08  1.09  1.10 


Tim,  Seconds 


Fig.  4.12  ESA  Acceleration*  of  Structure,  Sit*  A,  Shot  10 
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b. 

fig.  4.14  General  View  of  Domgo,  Site  A,  Shot  10 
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To  girt  an  id**  of  tha  extent  of  th*  duii^,  a  par  oact  usa¬ 
bility  figure  haa  be*"  attached  to  aach  Bail*/  component.  By  par  oaot 
nubility  ia  aaant  tba  par  oaot  of  the  total  number  of  a  particular 
ccmponsct  of  tba  bridge  at  Site  A  that  remained  aaabla.  Tar  example, 
of  tba  20  buttcn  stringers  La  tba  bridge,  14  vara  damaged  beyond  am 
and  6  (or  30  par  oast)  raaaiaad  tumble.  Tabla  4*5  llat*  tba  numbers 
and  tba  par  oaot  of  aach  ltaa  reaeining  usable. 


T1S05  4,5  -  Percentage  Usability  of  Bridge  Parts,  Site  A 


ffcrt 

Total  Ho. 

Ho.  Usable 

Per  Cant 

Ucahle 

Panels 

40 

25 

62.5 

End  Poets 

8 

8 

100 

Transoms 

21 

17 

81 

Dutton  Stringers 

20 

6 

30 

Plain  Stringers 

40 

20 

50 

Rakers 

22 

1 

5 

Bracing  Prams s 

20 

0 

0 

Chess 

130 

7 

5.4 

Riband 

20 

8 

Tba  panala  oc  tba  laavard  alda  of  tba  bridge  vara  general ly 
dai*gad  by  banding  of  tba  loaar  chard  (Tig.  4,15).  Other  panala  vara 
warpad  excessively. 

TTanaoa  claapa  had  all  baan  yanked  looaa  fay  tba  transoms  and, 
•'*•*7  caaa,  had  bant  tba  tranaoai  aaata  as  abeam  in  Tig.  4.16.  Tba 
panala  which  vara  damaged  only  in  thia  manner,  hemever,  vara  cons ids  rad 
entirely  uaabla,  aa  tba  doable-aingle  conatruetlon  aakaa  uaa  of  only 
half  of  tba  available  tranacm  aaata.  Tha  transom  claapa  vara,  for  tba 
aoet  part,  undamaged. 

Tha  and  poet a  vara  Judged  to  be  ia  good  condition.  Thera  ns 
no  detectable  sat  ia  them.  Tha  daaagad  transoms  were  merely  warpad. 
Many  of  the  button  and  plain  stringers  ware  thrown  several  feat  beyond 
tha  bridga  and  wart  generally  damaged  by  impact.  Rakers  war#  bant  sad 
twisted,  bracing  frames  ware  warped  and  buckled,  cbesa  were  broken  and 
splintered,  and  riband  ware  warped.  Debris  from  tha  bridga  was  found 
scattered  over  an  area  extending  200  to  300  ft  beyond  the  bridge. 

Those  parts  that  vara  scattered  so  far  vara,  for  tba  aoat  part,  compo¬ 
nent#  associated  with  tha  deck;  l.e.,  chess,  riband,  and  stringers. 

Examination  of  tha  skid  marks  in  tba  channels  revealed  that  tba 
windward  side  of  tha  bridge  lifted  with  the  incidence  of  the  blast  wave, 
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Fl$.  4.16  Typical  Daaagad  Transai  Saat,  Bailay,  Slta  A,  Shot  10 
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-tr.  1  *.'n  frii.rJ  s-*  ’  alo».g  on  Us  two  leeward  corners.  This  was  evident 
In  that  no  s'<ld  -»r<j  proceeded  along  the  channel  from  the  points  where 
tho  *i"vhmrd  end  post  rested.  There  wrrs  such  skid  aarkj  at  the  lee¬ 
ward  support*.  During  the  latter  part  of  tho  sliding  the  skid  aarks 
in  the  channel  of  one  rter  dl  rarren-nd,  lrsd  5  rating  that  that  end  cf  the 
t  \’fy  hr.i  lifted  rocpletely  off  the  pier.  Shortly  beyond  the  point 
where  the  skid  nwr’<  iisnoppered,  the  edge  of  the  cnanaal  was  tom. 

This  can  be  seen  in  Fig.  4.17. 

In  this  shot,  the  piors  suffered  further  daaag*  of  the  saae 
nature  as  they  bad  for  Shot  Q.  Figure  4. Id  shows  tbs  bending  In  tae 
chord  ansber*  of  the  pier  naasls. 


a.  South  Pier  b.  forth  Pier 

Fl^.  4.17  Channel  Markings  Resulting  Proa  Sliding  of  Bailey,  Site  1, 
Shot  10 

4.2.2  Sitft.B 

Is  was  stated  in  the  arsrioua  chapter,  the  bridge  at  Site  B 
was  welded  in  place  to  pro rant  sliding  and  thereby  increase  the  sever¬ 
ity  of  the  load.  The  blast  parameters  are  given  in  Table  4.6. 
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/r./. 


TA ZIZ  4.6  -  F*ilo  Dots,  Shot  10,  Site  3 

i  Pv>  | 

%  1  l, 

|  0 

1 

l  (pel) 

(poi)  ,  (sec) 

1  _  (dej 

Actual  i 

1 

4.1 

i  °*Sl  i 

!  *•: 

IV -rile  ted 

3.5  ! 

0.3  0.75 

0 

Ho  dvaege  resulted.  Motion  pictures  of  bridge  rtapon.no  were 
not  sado. 

4.?. 3  31H  C 


TABIZ  4.7  -  Btaic  DaUt  Shot  10,  31ta  C 


Pso 

% 

0 

(pel) 

(pel) 

(sir  c) 

(deg) 

Actual 

U.  0 

0.50 

6.2 

Predicted 

19.0 

8.2 

0.50 

0 

The  single  bay  sections  of  Bailey  and  T6  slid  approndmately  20 
and  10  ft,  respectively,  The  .lailey  was  conpletely  destroyed,  as  shown 
in  the  before -sad-after  photos,  Pig.  4.1?;  whereaa,  the  T6  was  only 
slightly  daaaged. 

Both  of  tho  truss  btraees  on  the  windward  side  of  the  T6  were 
torn  loose  from  their  pin  connections;  the  pins,  however,  were  undam¬ 
aged*  <ki  the  leeward  side,  both  truss  braoes  had  bent  in  cowpressicm. 
One  earner  of  tbs  deck  bad  lifted,  and  one  end  of  one  sway  brace  had 
Fulled  out.  The  eye  on  the  end  of  the  sway  brace  was  undaaaged;  there¬ 
fore,  it  is  supposed  that  the  pin  which  holds  the  end  of  the  sway  brace 
■ust  have  sheared,  although  the  pin  could  not  be  found. 

Figure  4^0  aha/s  damage  to  T6  Truss  Braces,  Site  C,  Shot  10, 
and  Fig.  4-21  shews  lifting  of  T6  Deck,  Site  C,  Shot  10. 
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1#.  4*19  Bunge  to  Bailey,  Site  C,  Shot  10 
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Fig.  4.21  lifting  of  T6  Dock,  31te  C,  Shot  10 
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CHAPTER  5 


BPgLffiagmg 


5.1  GSSSRAL 

Tbs  response  of  a  brides  to  spy  blast  intensity  da  panda  vary  such 
oo  the  anchorage  strength— that  la,  on  the  force- real sting  lateral 
save a»nt  of  the  bridge.  Kormlly,  •  Bailer  bridge  will  have  end  reaps, 
the  ef foots  of  which  nay  be  highly  indeterminate.  H nearer,  far  the 
purpose  of  analysis.  It  will  be  considered  that  the  effects  of  the 
rasps  are  negligible.  This  condition  say  actually  be  very  nearly 
realised  In  practice,  inasauch  as  a  slight  lifting  of  the  reap  will  un¬ 
hook  it  froa  the  bridge , 

Assuming  horizontal  blast  loading  uniformly  distributed  over  the 
bridge  length,  the  motion  of  the  bridge  aay  be  described  as  a  lateral 
awreaent  of  the  center  of  gravity  plus  a  vibration  in  a  horizontal 
plans  about  the  center  of  gravity.  Loadings  on  the  bridge  at  any  In¬ 
stant  of  tins  are  shown  in  Pig.  $.1,  where  the  bridge  is  represented  in 
plan  view  by  its  centerline.  The  reaction  loading  is  shown  divided 
equally  between  the  two  ends  of  the  bridge.  The  blast  loading  is  tmi¬ 
foraly  distributed  over  the  length  of  the  bridge;  and  the  inertia  load¬ 
ing  is  broken  down  into  two  coopcnants,  a  tmiforaly  distributed  inertia 
load  dua  to  the  acceleration  of  tbs  oenter  of  gravity  and  an  inertia 
load  varying  along  the  length  of  the  bridge  due  to  vibration  about  the 
center  of  gravity.  Hots  that  this  latter  load  auet  exert  a  net  force 
of  aero  over  the  length  of  the  bridge. 

Consider  the  bridge  aa  a  whole: 

F(t)=Mxcg+  R  (t) 

where:  F  (t) =  blast  faroe  %s  a  function  at  tine 
M  Bass  of  bridge 

igg  -  aooelsration  of  the  oenter  of  gravity 
R(t)  =  faroe- resisting  lateral  notion  as  a  function  of  tins 

and  the  net  unifora  load  acting  along  the  length  of  the  bridge  is 
F(t)-Mxcg=R(tlL  Pram  the  point  at*  view  of  vibrations  and  internal 
stresses,  the  bridge  aay  ba  considered  to  have  a  net  tmifora  load  of 
R  (?)  suddenly  applied  at  t=o  .  Than,  it  can  be  seen  that,  far  this 
c&£S,  the  vibration  depends  only  on  the  resisting  force,  R  (?) ,  and  not 
on  the  blast  load,  F (?)  .  If  R (?)  is  a  frictional  farce  and  aay  he 
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fig.  5.1  Lateral  Blaat  f  cross  Acting  on  Bridge 

considered  time  invariant,  the  vibration  of  tbs  bridge  la  as  though  a 
step  force,  R(t )=  Ff  were  applied  to  the  bridge,  Danage  to  the  bridge 
■ay  occur  by  Internal  failure  If  Ff  la  too  large,  or  by  sices sire  slid¬ 
ing  If  Ff  la  too  saall. 

5.2  gREffi  ,SLPI*S  akalxsis 

The  eliding  of  the  bridge  against  a  constant  frictional  force  my 
be  deuonatrated  quantitatively  by  rendering  a  solution  of  the  equation 
F=ma  ,  where  F  la  the  aua  of  all  forces  acting  on  the  bridge  as  a 
function  of  tlae, m  la  the  mss  of  the  bridge,  and  a  is  the  accelera¬ 
tion  of  the  bridge  as  a  function  of  tlae, 

5.2.1  Agwartlcai 

In  this  Motion,  as  In  the  fallowing,  several  assumptions  are 
required  to  provide  an  acadeaie  problea  capable  of  solution  which  rep¬ 
resents  to  a  flair  dsgxee  of  accuracy  the  actual  physical  situation. 

These  assumptions  are  mentioned  here  with  a  few  remarks  concerning  each. 

1.  The  blast  overpressure  way  be  reprsMnted  by  the  equation 
P(t)  =  Pso  (l-t/t|)€“K,/,l  This  equation,  as  was  asntlonsd  In  Chapter  1, 

Is  an  empirical  representation  of  tbs  blast  pressure  as  s  function  of 
tine.  It  represents  tbs  blast  wave  fairly  accurately  sxcept  in  cases 
where  there  Is  s  so- celled  precursor  wave.  In  those  cases,  the  over¬ 
pressure  is  a  very  irregular,  unpredictable  function  of  ties;  and, 
although  the  precursor  phsnoosnon  aay  be  present  In  important  cases, 

It  Is  not  posslbls  to  include  this  affsct  In  ths  present  solution. 

2.  The  dynamic  pressure  Is  a  unique  function  of  blast  pressure 
as  given  In  Chapter  1.  Again,  this  Is  a  good  appraxlaation,  except  In 
the  presence  of  a  precursor  wave.  In  thla  latter  case,  dynaalc  pres¬ 
sures  seea  to  be  anoh  higher  than  would  be  Indicated  by  aeaaured  over¬ 
pressure.  Thla  fact  raa  Illustrated  In  Chapter  4. 

3.  The  diffraction  or  shock  loading  aay  be  considered  an  la- 
pulse  (an  Infinite  force  acting  for  an  infinitesimal  period  of  time). 
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The  impolM  Is  glean  by  FI*.  1.2,  Thi*  m«h  to  ba  a  good  assumption, 
la  view  of  tha  fact  that  the  offset  of  the  shock  foroe  oa  a  drag- type 
•tractor*  ruob  ••  a  trass  bridge  la  each  lass  than  ths  *f fact  of  dreg 
f arose  (this  will  ba  deaonatrated  la  tha  analysis  which  follows )j  tbere- 
f ora,  a  given  par  oant  eiror  In  ths  shock  faro*  will  r*aalt  in  a  much 
lssasr  error  la  tbs  overall  effect. 

4.  Tha  drag  farcing  function  la  given  by  Equation  1.6,  which 

1st  Fa- Fd0<'4,/,«  where  F<j-, :CciA e«q0  .  This  appears  to  ba  a 

good  approximation  within  the  Halt*  of  assumption  Vo.  2.  Of  ccuree, 
if  th*  dynamic  pressure  does  not  conform  to  conrentionrl  waveshape,  the 
drag  faro*  will  be  correspondingly  In  error.  The  error  In  aliasing  C  s 
is  constant  can  b*  ***a  by  Inspection  of  Fig.  5.2,  whsraCdl*  shown  to 
b*  a  function  of  Reynold's  number  (of  wind  velocity,  whan  only  proto¬ 
type  teet  structures  era  considered)  for  a  cylindrical  amber. 

5.  The  coefficient  of  friction  between  the  sliding  surfaces  of 
tbs  brldg*  bearing  is  constant.  Tests  in  which  a  bridge  Motion  was 
towed  by  a  track  winch  end  tension  in  the  toeline  was  aaasured  indi¬ 
cated  a  required  poll  to  start  a  36,000  lb  bridge  sliding  of  18,000  to 
23,000  lb  and  a  pull  of  9,000—11,000  lb  require  1  to  sain  tain  a  rate  of 
poll  of  1  ft/ sec.  The  ease  Ballsy  end  posts  and  the  same  channels  were 
used  In  this  test  as  ware  used  in  the  full-scale  atomic  teat  at  Site  B. 
It  was  impossible  to  obtain  other  rates  of  pall  without  having  the  winch 
jerk  so  ths  coefficient  of  friction  was  not  accurately  established  as 

a  function  of  pull  velocity. 

6.  The  ends  of  tbs  bridge  move  in  a  direction  sway  from  ground 
sero  at  all  times  during  tha  sliding  phase,  so  that  the  friction  force 
may  be  considered  to  be  constant  in  one  direction.  Calculations  show 
that  this  is  so  for  bridge  lengths  considered.  For  very  much  longer 
bridges,  calculations  would  show  tbs  tendency  of  tbs  bridge  ends  to 
move  toward  ground  aero  during  tha  first  vibrational  swing  if  tha  fric¬ 
tion  faros  were  assumed  to  act  toward  ground  sex  o  at  all  times. 

5*2.2  Inal w la 

The  aquation  of  motion  of  the  bridge  is: 

Fj  +  Fq  -  Ft  -  Mxcq 

where 

F$ —  shook  force 

Fq  =  drag  force 

Ff  s  friction  faroe 

M  -  mess  of  bridge 

xcq*  acceleration  of  oenter  of  gravity  of  bridge 

Each  component  force  impart*  a  oooponent  velocity  to  the  bridge 
such  that  V{ t)=  Vs  +Vq  -Vf  ,  where 

v**V^Fsdt 

M-jVddt 
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and,  in  turn,  thara  art  thraa  eoapnoant  diaplaoananta  such  that  x  (f) s 
x**xd-xt  wham 

X*  =rf  \*dt 
-'O 

xdyVddt 

Xf=/oVf  dt 

Cbt  of  tha  Initial  a*roxrptloe*  tat  that  tba  shook  forot  at j  bt 
ecnaidarad  at  an  lnpalst,  ooourrlac  in  taro  tint,  to  tha  ahook  forot 
lnparta  a  finita  velocity  to  tha  bridge  at  t  =  0  .  Thin  aonponant  to* 


loeity  it  constant  thereafter. 

V*  *  -fcf0  F»dt  =  -jj-  =  constant 

wham  I,=  sho&y  lapolaa  .  „ , 

Fd*?^*4^'  t»t, 

(51) 

Fd  =  0  ft. 

wham  Fdo  =  paxk  valua  of  Fd,  determined  franco, 

fi  =  positive  phase  duration 

substitute 

Vd=  M/oFd<**4,/h  t  <  f* 

peak  valua  of  q 

1  *<  u 

(52a) 

--  -5*£r-<  i-€*4)  t  >  tt 

4  M 

(52b) 

Ft  =/i  Mg 

substitute 

Vi  s  -fiq\  (5.3) 

■rhan  X  (t)  reaobaa  iwrlma  displace aent,  tha  voloeity  will  ba  aero.  Tba 
tint  that  this  occur*  nay  ba  solved  for  by  waning  tba  coupon* nt  vwloci~ 
tlaa  and  setting  than  aqoal  to  0. 

v  (t0) 5  v.:;0)+Vd(to)-Vf(fo)  =  o 

tbaro  t0  s  tiaa  at  vbieh  bridge  eonaa  to  a  atop 

-^-  +  -^f(|-€-4,o/tl  )-Mqt0  =  °  (5.4a) 
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(5.4b  ) 


far  solutions  of  t0(t,  ,  t he  equation  la  treneoendentel  tad  mat  to 
solved  by  approximate  method*. 

By  Integrating  velocities 

v-6-t  15  5> 

)d»  Kt. 

4M  J  o 

,£&£-  (t+J-e‘4f/,4f->  (5.6o) 

Xd*Fdot,|-^-^(l-«‘4)j+/,t(^  (l-#-4)dt  t>t, 

=  •^n-[t(l-<-4)--5-('-5«-4}]  (5.6b) 

xf’y^Qt1  (5.7) 


thm  sum  of  these  is  the  lateral  displace sent  of  tbs  bridge.  By  substi¬ 
tuting  tbs  ealas  to  ,  given  by  Equation  5.1,  tbs  final  die  pi*  oe  sent  sty 
bs  calculated. 

3.2.3 

As  a  aaapla  case,  tbs  sliding  of  tbs  bridge  at  Sits  B  for  Shot 
9  will  be  calculated. 

Tbs  shock  impulse  will  bs  deteralnd  in  tbs  following  wanner: 

The  Impulse  oa  any  sector  is  equal  to  the  product  of  the  unit  is  puls®, 
(lo/Pso),  for  that  member,  tbs  overpressure,  and  tbs  area  of  tbs  sesbsr 
exposed  to  blast,  for  tbs  Ballsy  bridge,  a  shock  ears  ap^oaehing  frow 
tho  side  will  bs  assumd  to  set  over  the  entire  srea  of  the  windward 
truss  and  tbs  edge  of  tbs  floor  and  to  recover  full  strength  in  travers¬ 
ing  tbs  bridge  and  set  over  tbs  leeward  truss  area.  Thus,  in  shock  iw- 
puleo  calculations,  tbs  projected  elevation  area  at  one  truss  will  fcs 
doubled  to  account  for  both  trusses.  It  was  sees  in  Chapter  1  that  the 
axdt  iapolss  also  depends  on  the  depth  of  the  ssaber.  Considering  tbs 
two  panels  la  each  truss,  tbs  depth  is  taken  as  shown  in  fig.  $.3.  Ti» 
depth  af  the  floor  la  taken  as  cue  quarter  tbs  width  and  tbs  width  (di¬ 
mension  perpendicular  to  blast  propagation)  as  taken  frow  tbs  top  edge 
of  tbs  riband  to  tbs  bettew  edge  of  tbs  string er.  Thus,  s  unit  iapolss 
is  determined  for  tbs  truss  and  far  tbs  flooring.  Tbs  shock  iapolss  is, 
tbsrsf ers,  for  a  10- bey  bridge  » 


62 

CONFIDENTIAL-  RESTRICTED  DATA 


ahoro 


I.  =  |0!2(Jj)lT4T+lte,FAf]e., 


(5  8) 


( Ja)  ,  lapalao  por  salt  cr—rpro— or*  por  nalt  im  far  th* 
p*°  ^  trnsa  osobora 

(-^-L  :  mum  qooatlty  far  floor 

hoF 

At  projoclod  an»«  of  truas  of  com  b oy  la  olaratloa  ‘rJo* 

Ap  projoctod  «ltm  of  mdgm  of  floor  of  mom  boy  la  alarotloo 

▼low 

Thoao  qooatltloo  or*  poroaator*  of  tbs  brldf*  mad  or*  ladtpoa- 
dost  of  tbo  bloat  latonalty. 


Tig,  5.2  Coofficlont  at  Drag  C<j ,  Hoynolda  Iu*bor 
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Evaluation  of  tha  above  quantities  far  the  100- ft  bridal 

yieldit 


t-fe)T--  I  8  x  I0‘3sec 


h£>F  *  5.0  x  iO’3  sec 
At*  1634  m2 

Af  *  1680  ir>2 


This*  valuta  uv  substituted  in  Equatiau  5.8  to  obtain  I,  * 

144*6  Pio*  Slnoo  the  blast  overpre  sacra  at  Sita  B  for  Shot  9  was  7.75 
pai  Up pendir  B),  tha  impulse  ia  344.6  x  7.75  •  1,120  lb  aaa. 

In  tba  calculation  of  tha  drag  faro*,  a  eooatant  eoafficlaat  of 
drag,  Cd  ,  of  1.63  ia  aaasaad.  Thia  veins  ia  takas  directly  fro*  that 
value  determined  by  wind  tsunal  tasta  of  a  nodal  of  a  trass  aactioo 
(Baf  8).  It  la  realised  that  tha  nodal  tastad  rdpreeented  a  trnaa  of 
fewer  bat  larger  aaabara  than  In  a  Ballsy  truss.  It  is  expected,  thara- 
fora,  that  tba  value  1.63  aay  ba  las. 

To  data  mine  tba  effective  araa  upon  which  tha  dynamic  praasura 
aota,  shielding  of  tha  laaward  truss  by  tha  windward  truss  nust  ba  con¬ 
sidered.  This  affaot  was  invwetigsted  in  tha  I.  I.  T.  wind  turn*  1 
tasta.  By  varying  tba  spacing  batsaan  two  nodal  trusses,  thara  waa  da* 
tamlnad  a  curra  of  a  ahialdlng  factor  varans  spacing,  where  tha  shield* 
ing  factor  ia  dsfinad  as  tba  anoxmt  by  which  tha  fores  acting  on  tha 
wlncfevard  traaa  nuat  ba  aultlpllad  to  account  for  tha  laaward  or  ahlaldsd 
troaa.  This  curve  is  reproduced  in  Fig.  5.4. 


Spaoing  Batwwaa  Two  Trusses,  Inches 
Fig*  5*4  Shielding  Factor  Tarsus  Spacing  of  Two  Truaaas 


64 

CONFIDENTIAL-  RESTRICTED  DATA 


for  the  EeJlay  bridge,  the  ahialding  factor  la  eeen  to  be  1.23j 
tfcua ,  tbe  area  of  tha  wlrxhrard  truae  la  woltlpliad  by  1.28  to  aeciuot 
for  both  truaoes.  Tbe  edge  of  the  floor  la  ccnaidared  unahlaldad  by 
the  windvard  trust,  and  lta  area  ia  unmodified.  Tima,  the  total  effeo- 

tire  area  la 

A«m  =  1.23  AT>AP=  (1.23 )(l684)-t-  1630=  la2  per  bay 

fro*  the  baalc  data,  qo  :  1.52  pel:  therefore, 

Fdo  =  10(1.63/(3840). 1.52) 

=  95,200  lb 

Fd ( t) =  ssooo*"*^*1  » <  t* 

1  0  t  >  ft 

Ff  :/iW:  0.3W 

It  vaa  found  la  the  M.  I.  T.  wiad  tusaal  teata  that  with  la- 
ereaaea  la  the  angle  at  yaw  fro*  aero  the  cereal  force  lacreeeed  uatU 
aa  eagle  of  about  20  degreee  waa  reached,  further  lncxeaeee  la  eagle 
of  yaw  reeulted  la  a  decree ae  la  aorual  force.  Aa  experimentally  de¬ 
termined  cam  la  reproduced  fro*  Ref  5  la  fig.  5.5.  Thue,  tbe  calcu¬ 
lated  dreg  force  aoat  be  adjuated  correapoodiagly. 

far  the  ease  coca Ida red,  thia  la  6  par  cant;  thna, 

F<jo  -  (1.06)(95,200)  s  101,000  lb 

Fd( t)  =  101,000  < -9 t/t.  t<t, 

=  0  t>f. 

Ff  :/i  W 

3 (0.3172, OCO) 

*  21,600  lb 

Tbe  eoapooent  velocities  aay  bow  be  ealoulatad  ee  foil  ora  i 

v* 1  Il/M  1  2  240lb“c27fr. :  °'  5  fps 

Vd  =  tlPI»0W)(0i939(  | _  --4t/  ti ) 

s  I0.6(I-c-4,/’'.)  t<  0.938, 

=  I0.8( !-€-•*)  t>  0.938 

Vf  a  (0.3)132  2)  t  --  9.66  t 

The  dlaplaoeeeota  are: 

X*  =0  5f 

Xd  =l0  6[f+0.234(r-^»/0.938-n  ]  t  <  0.938 
=  10  6[f (I-*  *)- Q 234  (l-5f-4)]  t  >  0.938 

Xf  =  1/2(0.3X52 2)  f2  =4  83  t2 

Za  fig.  5.6,  the  cel cola ted  displace  went  la  ooapared  with  the 
dlaplaoeasota  obtained  fra*  the  aorring  plcturea.  Calculated  velocity 
Ta  ties  la  presented  la  fig.  5.7. 
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Normal  Torot  Ratio 


Caleulatlors  arc  mde  la  Apnendix  0  for  other  conditions  of 
blaat  loading  and  othar  frlotlooal  restraints.  Tbaae  results  ara 
plot tad  la  fig.  5.9. 

for  laagtha  of  doable-single  bridge  othar  than  100  ft,  the  aai 
curve a  apply.  Doubling  the  bridge  length  doable a  tbs  total  fare*  (by 
doubling  the  area  expoeed  to  hlaat)  and  doubles  the  mu. 


Angle  of  Taw,  Degree e 

Fig.  $.5  Noraal  fores  Ratio  Versus  Angle  of  Tut 
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Displacement,  Feet 


0  .1  .2  .3  .It  .5  .6  .7  ,8  ,9  .10  .11  .12 

Tlae,  Seconds 

Tig.  5.6  DiapUoeaent  Terse*  Tlae  of  Ballsy  Bride*,  Site  B,  Shot  9 
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Displacement,  Feet 


0  .2  ,U  .6  .8  1.0  1.2  1.2i 

Coefficient  of  FYictioo 


Fig.  5*8  hrlm  Displace  sent  of  Doahls  Single  Ballsy  Bridge  Expo— & 
to  Blast  Tsrsos  Coefficient  of  Friction  of  Voontlsg 
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5.3  ffjra.TI  EFAUC3 
5.3.1  lacsiALsi 


for  the  purpose  of  determining  the  Tibrational  response  of  the 
bridge,  the  following  ^seuapticns  are  t*d*i 

1.  The  only  bridge  eoepooents  which  suffer  deforsstipo  »r*  the 
sway  braces .  The  tranacos  and  ranels  are  considered  perfectly  rigid 
and  are  considered  hinged  at  thair  pin  Joints.  This  ia  perhaps  the 
■oat  important  restriction  p  La  cad  upon  the  analysis.  Eowwrwr,  tha  fact 
that  this  hind  of  defernetion  takes  place  to  soos  extent  is  demonstrated 
ia  fig.  5.9.  Tha  photo  of  tha  collapsed  bridge  illustrates  that  a 
great  aacunt  of  articulation  has  occurred  at  tha  pin  connections  be- 
tween  panala.  Banding  cf  tha  panels  tbs  ass  Ires  appears,  b y  comparison, 
to  be  negligible. 


Tig,  5.9  A  Collapsed  Btiley  Bridge 

2.  Thera  is  no  daaping  of  tbs  aotion.  This  assumption  will 
causa  tbs  calculated  natural  frequencies  of  rihration  to  be  high  and 
tbs  Magnitude  of  the  calculated  response  to  be  greater. 

3.  Tha  stress-strain  relationship  for  tha  elongation  of  tbs 
easy  braces  say  be  approximated  by  a  cures  consisting  of  two  straight 
lines.  Over  tbs  range  of  the  first  portico  of  the  curve,  the  away 
brace  obeys  Hooke's  law  perfectly.  After  tbs  yield  point  Is  reached, 
the  bar  continues  to  elongate  without  increase  In  tension. 

4.  The  loading  of  the  bridge  is  perfectly  syaaetrlcal,  as 
sboen  in  Tig,  5.1.  Sinoe  the  bridge  itself  is  considered  syaaetrlcal, 
only  the  syaatrlc  soda  of  vibration  oaa  be  eat  up;  and  the  assysetric 
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fmqasneiss  will  not  be  preeeot.  T^il w  antes  poetiblc  tbs  consider* ticw 
at  only  half  at  the  hridgw  In  the  calculations. 

5 .3.2  Slaaiii  Zujssm 

Figure  5.10  in  n  echenatie  diagraa  of  half  oJT  thn  bridge  in 
plan  rlww.  Thin  dltgma  shown  how  thw  deflection  of  thn  bridge  brings 
about  n a  elongation  of  thn  sway  brncns.  Thoes  waay  hmcnn  which  «r« 
shewn  dotted  nrw  not  considered  in  this  analysis;  nine*  they  am  enable 
to  withstand  ecwnressiwe  stresses  and  am,  therefore,  inactive.  With 
ton  bridge  at  rest,  tbs  panels  and  transom  of  one  bay  font  a  right 
angle  pnmlielogma.  1  sea  rum  of  the  deflection  will  ba  called  the 
increwental  displace eent,  defined  hem  as  tbs  difference  in  lateral  dis¬ 
place  went  of  the  ends  of  the  bnj  la  question.  It  will  he  thown  that 
the  inert sental  displaoesent  is  direociy  proportional  to  thn  elongation 
of  the  sway  brace  for  satll  deflections. 


Fig.  5.10  Bridge  Deflection 


Ctoe  ba y  is  isolated  in  Fig.  5.11. 

be  eeent  „ 

QCOS8 


Free  this  diagram,  it  say 

(5.9) 


^="5^  <5 'O' 

Tbs  static  fores  on  tbs  bay  necessary  to  cap**  a  displaoseant, 
A,»  sill  be  considered,  k  fores,  P ,  will  bs  taten  to  set  st  tbs  right 
snd  of  tbs  bay  and  acasnts  taten  abont  tbs  left  sad: 


_  PL  =  Td  cose 

whsrt  T  *  tension  in  sway  braoa 

T*  PL. 

£A  d  cose 

T  =2  A-/  t  this  is  asmly  Bootes's  law 

wbsrs  E  =  Xbcmg's  aodnlua  fcr  tbs  sway  braos 
A  =  cross  ssotionsl  arsa  of  sway  braos 
eliminating  T  free  Equations  5.12  and  5.13  and 
lag  axprsaalon  for hJ into  Equation  5.11  gives 


(5.!!) 

(5.12) 

for  tbs  sway  brace (5  13) 

substituting  the  msult- 
tha  following: 
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Plf.  5.11  laoraoantal  Wsplaoai 

^JL _ 

44  d  cose  EAd  cose 


„  EA(dcosa)zAX 
p=  — 


whlofe  Is  of  tbs  f  i 

P  =  KAX 

K* 


*EA(dcose)2 
/  L2 


(5.14) 

(5.15) 


(5.16) 

ofcleh  are 


Sndar  tbs  syswtrioal  loading,  only  thoea  rihratic 
syaootrloal  wltb  roepeet  to  the  center  of  gravity  of  tbe  bridge  arc 
excited.  As  &qaiwLLsnt  mtheaatlool  aadel  Is  tebans  la  Pig.  5.12a  and 
5.12b.  Tbs  lougitodlaal  froquiacloc  aad  displaooeekt  of  tbs  social  cor¬ 
respond  to  tbs  transverse  freqnsaelss  aad  dispXaeaaaats  of  tbs  proto¬ 
type.  Sub  bay  Is  ropes seated  by  tro  sqoal  assess  connected  by  a  spring 
of  stiffness  given  by  Equation  5.16.  Th s  rases*  arc  saeh  eqcal  to  ooo- 
half  tbs  seas  of  tbs  bay.  Iba  half  bridge  is  r*  pro  sooted  by  tbs  eqelva« 
Isnt  nsebafiloal  ayvtsa  of  Pig.  5.12a  aad  5.12b. 

1%  has  been  abowa  that,  trm  tbs  po&ct  of  tin  of  oibratlooa, 
tbs  bridge  ay  be  considered  to  bs  acted  upon  by  a  anif  oraly  distributed 
lead,  F(t)»M  scq  *R(0  .  l*t  !0  F  =R(t)  »  F(  aad  F  baoaoee  tbe  force 

par  bey.  C«s*i£a?  iF  as  acting  m  each  sad  of  each  bay.  These  eondi- 
tlooa  are  depleted  la  Pig.  IS;. 

Tha  equations  describing  tbs  befasTlor  of  tbe  ayrtea  arst 


4  m'*0  +  Kx0-  Ka  =  ~4  F 


y  +2  “ 

K 


tjj  ~2 


m  m r 


—  ~  a 
m  * 


>JL  ...  K 


o-*-  xr*-  2-^  x^-rt 


(5.17) 

(5.18) 
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p ,  t-\  h*\ 


(•) 


6P 


.(n-x,)  Klx,-.,)  '('W  «H~*>  , 

®  (b) 


Tig.  5*12  Sprint-Matt  Sqolvaltat  eC  Bridg* 

A.X.+X2  +  24-»z-^r  *3S  rn* 

•■jyf  *7~^~  S"*"  *■ rn" *3  In  xt"  rn" 

k  .  . .  ,  ,k  k  _  F 
‘  m  x3"*“  x4^"  2  m  x4~  m  x0  -  -fTf 

x*"*"  S'*"  ^fn"  xs=  In* 


(5.19) 

(5.20) 

(5.21) 

(5.22) 


t* 

Ut  ^  =w|  ud  tixtplify  tba  •qofttlcM  by  writing  •qulTtltnt 
La  pitot  tqaatiana  (4)  Rtf  9).  With  til  initial  ocoditiont  taro,  thaw 
art  1 


(S*  +  2w|)  X  (s)-2«*  X,  Is)  =  -  F(s) 

-  X0(s)+  (s*4-  2  w|)X, (s)-o4  Xjts)  *  -m  FW 
-w*  X1ls)  +  (sa+2cu|)X2ls)-w|X3\sj  =  ^rF(s) 
— <*#§  X^s)H-(s*  -+-2&^)X3(s)“a»|X4(s) s  "jly-Fls) 
— Wq  X3IsJ-Hs*4*  Zu^'Kjsh  «|X  te)*-fjrFW 

-  2u>l  X4tt)  ■ +  (s*+  2«| )  XB(s)  =  F-fe) 


(5.23) 

(5l24) 

(5.25) 

(5.26) 

(5.27) 

(5.28) 
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These  equations  yield  *  girth  order  determinant  which,  when 
solwt>d,  girss  the  Laolaciar.*  of  the  disrlaeeaente.  The  absence  of  cer¬ 
tain  terra  gre'itly  sicplifies  the  work,  «nd  the  golntlon  may  be  accom¬ 
plished  without  setting  uo  e  determinant,  This  la  accomplished  and  the 
inreree  transf  rma  are  solmd  for  in  Anpendix  E, 

The  iicremental  di3olacewerrta  \ *  -  Vj,A*2=  *2“*: 
etc.)  are  thus  found  and  are  presented  bel^r. 

Ay[-52  *!  CC  ccs  0  6  8  'Act-!  COccs  I  ,8  Wot  -lOOccs  162  Wot  -I  00  cos 
.90  Wet  -0  50  ccs  2  CO  Wet]  ^ 

Ax=[*  50  -262  ccs  068  W0t-I62  Cos  H8W0t-0  38  cos  I  6?  +  62  cos 

2  l  90  W0t  +0  50  cos  2  00  W0r1-£- 

-W^m  p 

A*  =  [2  50  - 3  24  ccs  0  618  W’0t  + !  24  cos  1 62  W’0t  - 005  cos  200W</J  — ^ 

Ax-  [i  50-262  cos  0618  W0t  +162  cos  I  18  W0t  *028 cos  162 Wy  -062  cos 

4  *190  VV0t  +  0  50cos  2  0  W0t]-£- 

J  Wgm 

Ax=  [0  50  - 1  00  ccs  0  6!8  W0t  +100  cos  118  wy  -1 00  cos  1 62  W0t  1 00  cos 

5  162  W0t+!COcos  190  W0t  -C50  cos  200  WQt] 

The  greatest  lucre mental  dia placement  is  seen  to  occur  in  the 
end  bay}  thus,  the  end  bay  sway  brace  will  be  stressed  the  most  and  may 
be  the  limiting  factor. 

Figure  5.13  i*  a  normalised  cures  of  Ax,Wg  m/p  vs  WQt  ,  If 
undamped  oscillations  continue,  the  maximum  displacement, A  x ,  m 
mill  be  9.0  F/Wo  m  and  will  occur  when  all  tbs  cosine  terms  are  simul¬ 
taneously  ns  gat  Its  marl  maims.  The  currs  shows  the  first  maximum  to  be 
only  7.2F/W*m,  mince  in  the  first  oscillation  the  cosine  terms  do  not 
reach  negative  earl  mass  at  tbs  same  time.  The  theoretical  maxi  mom  of 
4.0  F/Wjm  will  newer  be  reached  doe  to  thm  presence  of  damping;  and  tbs 
first  swing  may,  therefore,  be  considered  the  largest. 

Specific  wains s  of  displacement  may  be  obtained  by  specialising 
the  constants  la  the  equations. 

F=/img  ,  as  was  shown  at  tbs  outset,  tbs  art  uniformly  distrib¬ 
uted  load  over  the  entire  bridge  is  equal  to  tbs  frictional  resisting 
faros.  The  force  per  bay  is  one  tenth  of  tbs  total  force. 


lb  per  in  * 

E  =  30  x  !06 
A=  10  m2 
d  =  95  in 
^  =202  in 
L  =120  in 

•See  Appendix  F 
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xv 


8.0 


Flf.  5.13  Voo-dl— lo—l  Plot  of  Inert— ntal  DlnpUoa— nt,  10O-ft 
Btlloj  Brldgt 


c0!  9=  •'  YhJF’ 

[-  Hi] 

*  7  3x  I04  lb/  in.  =  87  x  I04  lb/  ft. 
m=224  slugs 

=82.8xl04  ft. 
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To  obtain  specific  mines  of  diaplaoaaant  la  foot  trm  fig.  5.13, 
tho  tsnmrloal  crdlnatoe  aost  bo  multiplied  by  82.8  x  IO'4u  ft  or,  far 
/i  =  0  3,  by  24.84  xiO4  ft. 

=10* 

=  62.?  radicsn? /sec. 

To  obtain  opooiflo  mines  of  tine  in  seconds  froa  fig.  5.13,  tho 
abscissas  oust  bo  ■oltlpllod  by  1/62.2.  Tbno,  tbo  Maximal  dlsplaosaent 
lo  7.2  x  24.8  x  104  =  0.0179  ft.  By  sabatitotlng  Equation  5.11  in 
Equation  5.14,  »o  obtain  n  . 

T--^  (5.29) 

or,  for  tbo  oaao  a boro,  Ta  19,700  lb. 

5*3.3  GigUfi  JklMMt 


oocnro  la 


By  rearranging  Equation  5.25, 

.Ax’  nfej  >  «•  •*  *“  *•“ 


AXy* 


(202)020) 


(30XI0«)(95)(I2)(0.779) 


(5X  I04) 


=  45.5XI0'3ft,  considering  50,000  lb  u  tbo  ylold  tonaloo. 
xboroAXy  =  Inoroaontal  dlaplaoeaont  at  which  ylold  occur*. 

Tho  Mariana  wait*  of  dlspLaooosot  raoebod  la  tbo  olaatlo  region 

(l(r»)(7.2)(82.4)^  ft. 

=  5.96  X  lO'^t  ft. 

Tho  plaatio  ylold  point,  therefore,  will  juot  bo  roachod  wben 

=  0.76 

■boa  fi.  oxoooda  tfala  talus,  tho  dlaplaooaont  goto  Into  tho  plaa- 
tla  roglon  aad  tbo  foil  wring  analysis  applies.  If  ty  la  tbo  tlao  that 
It  taJoso  for  tbo  plaotla  ylold  paint  to  bo  roachod,  tho  olaatlo  analysis 
applies  for  0<t<ty  j  and  at  ty  ,AXoaad  Vo  art  otaluatod  aad  tbo  so  tains  s 
baoona  Initial  conditions  far  tbo  plootlo  amlyslo  which  follows. 

Tbo  plaatio  analysis  nay  consldsr  olaatlo  force*  throughout  tbo 
■oohanloal  system  of  Tig.  5.12,  with  tbs  exemption  that  tbo  K(X,-Xo) 
lo  roplaosd  by  o  constant  feros,  KAXy. 

io  boforo,  tbo  laeroaontol  dlspiacw asnt,  A x,  ,  la  of  latarost. 

AX|  =  Xi-  Xo  ^ 

lo  largo  la  aagnitmb  la  eoaparlaon  toAX,for  tbo  oaoss  of  prlaary 
lnvorost,  olnoox,  lo  llaltod  by  olaatlo  doformtione.  Tboroforo,  tbo 
probloa  of  plastic  raoponaa  say  bo  troaendoosly  fiaplifled  If  so  con¬ 
sider  X,  nsgllgihlo  in  tho  abort  aqua  tied.  Tbo  foil  coring  approximation 

1*“*>  AX,  -  -Xo 

Bofsrrlng  again  to  Tig.  5.12b,  ana  may  saw  that  tbs  foroas  met¬ 
ing  oa  tho  mao  on  tbo  left  ond  of  tbo  ayatoa  will  bo  constant  during 
tha  plaatio  rorpenoo.  Tho  oad  rooctioa  force,  5F  ,  aad  tho  step  load 


I- 


of 


,  art  constant  as  they  *srs  la  the  olaatlo  response.  Ia 
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addition,  the  spring  faros,  K  (*, -xa)  ,  is  constant  (equal  toKAxy), 
and  the  on t  foroe  la  therefore  constant.  If  a  new  origin  of  tiae  la 
chosen  ao  that  t  -  0  at  the  Instant  plastic  yield  ocean,  and  if  initial 
conditions  art  cons  Ida  rad,  tha  following  aquations  raaolti 

* 1  2^*A*y  ~9  rrr 

Xos  m“AXy  t2-  JS-t2+Vo  (0)t  +  Xo(0) 

AXyM|  £-u*2A  Xy)  t2 -V0(0) t  +  4 5  5XtO'3 

:  (145/x-t  76)  t2  -Vfe(O)  t  +  45. 5  XIO'3  ( 5. 30 ) 

by  differentiating  tha  expression  for  X0  (Appendix  X}  and  setting  t  =  f  y  , 
tha  initial  velocity  la  obtained. 

V0(0)x  82.8*IO‘3/xu'oC3  24  Sin  0  6l8w0fy 

•f  1.71  Sin  I.  I8u0  ty  +  > •  23  Sin  1.62  w0  ty 

+  1 05  Sin  I  90afcty  +  0  50 Sin  2  00  u0ty  ^ 

far  slastle  vibrations,  tha  ineresental  dlaplaoeaant  reaches  a 
■aristas  of  5.96  x  I0~2  ft  in  0.0322  aao.  far  oscillations  into  tha 
plaatlo  region,  tha  dianlaoaaant  will  reach  tha  elastic  Halt  in  a  tine 
lass  than  0.0322  sac.  By  choosing  a  value  of  ty  (lasa  than  0.0322  sec), 
tha  cosine  terse  in  tha  expression  for  ty  (Appendix  C)  say  be  solved 
far.  The  result  is  an  expression  for  X0  la  terns  of  s  constant  aolti- 
plled  by/LL  •  This  say  be  equated  to  tha  knosn  yield  value  of  AX0and 
say  be  solved  far.  Tha  resulting  value  af/i  will,  of  course,  be  greater 
than  0.76  and  will  be  tha  value  which  will  cause  yield  to  be  reached  In 
the  ehoosn  ty  .  The  expression  fcrX0  say  be  differentiated  and  tha 
ehoeeaty  substituted  fort  .  This  gives  V0(0)  ,  tha  initial  velocity  of 
tha  plastics  analysis,  /x  and  \'0  (0)  say  be  substituted  Into  Equation 
5.30  andAXy,  as  a  function  of  ties  date  rained.  The  sexism  dlsplaee- 
aent  attained  will,  of  course,  be  of  Interest. 

Such  a  calculation  vas  sada  with  (Joty  =  1.8  or  ty=  0.029  see. 
The  value  otfi  far  this  case  la  0.79,  or  just  abort  >  tha  elastic  liait 
value.  Tha  resulting  ssrtnani  dlsplaoesent  Is  1.22  ft.  Higher  values 
of /x  will  oanse  correspondingly  higher  values  of  plastic  deforma¬ 

tion.  fron  this  analysis,  it  appears  that  0.76  la  a  threshold  value 
of ’i  ,  beyond  which  the  ew  visas  dleplaoeeent  lncreaees  rapidly  with  amll 
i  -reaenta  af/x  ,fi  -  0.75  will  be  ehoesn  as  the  arrians  allowable  value, 

therefor,  since  going  above  this  value  requires  that  /x  be  controlled 
within  eloeer  Halts  than  is  praotloabls  in  order  to  Halt  plastic 
die  place sent. 

It  should  be  borne  In  Bind  that  the  frequencies  of  response  cal¬ 
culated  are  high  doe  to  tha  assuaptlocs  of  no  dasplng  and  perfect  hing¬ 
ing  at  tha  pin  joints.  The  sagnltude  of  the  response  In  the  plastic 
region  depends  very  such  upon  the  initial  vibrational  velocity  of  the 
end  of  the  bridge,  V0  (ty),  upon  entering  the  plastic  region.  Since  the 
calculated  value  of  (Jo  la  high,  tbs  calculated  V0  is  correspondingly 
high  and  tha  elastic  response  is  undoubtedly  high. 
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5.x  ffigg  crzmaa 


Two  wed* a  of  overturn  aopear  to  ba  possible— one  In  which  tho 
bridge  overturns  as  a  whole,  and  the  aacond  is  which  tho  windward  truss 
overturns  or  collapses.  Tho  flrat  mode  waa  aoos  to  occur  at  31 to  A, 
wbara  it  waa  notioad  that  thara  wara  no  akid  aarka  produced  by  tha  wind¬ 
ward  runnara  over  tho  initial  portion  of  tho  sliding  path.  Bcmever, 
tha  bridge  did  not  completely  turn  orar  but  settlad  upright  whan  it 
landed  on  tho  ground.  It  la  possible  that  tha  amount  of  overturn 
experienced  hr  tho  bridge  canoed  a  lift  force  on  the  bridge  as  a  whola 
by  tilting  the  front  edge  of  the  daek  upward  and  thus,  is  affect,  pre¬ 
senting  an  airfoil.  In  turn, the  lift  reduced  tha  frictional  retarding 
forua  and  undoubtedly  contributed  to  the  exoe salve  eliding.  Tha  latter 
type  of  overturn  la  treated  by  Mr.  Neman  0.  Hansen,  of  tha  Bridge  and 
Marine  Taat  Branch,  ERDL,  in  Xppandix  0. 

5.5  BISggSIW 

Ibrbaps  the  aost  outstanding  feature  of  the  results  la  the  large 
discrepancy  between  acceleration  records  obtained  by  the  various  aaana. 
The  ERA  records  indicate  accelerations  in  excess  of  anticipated  mines 
but  of  aich  shorter  duration  than  anticipated.  It  la  also  notable  that 
these  records  start  soee  tins  after  tha  time  of  arrival  of  the  blast 
wave.  As  an  txaapls,  the  ERA  measurement  on  tbs  bridge  at  Site  B  for 
Shot  9  indicates  the  acceleration  begins  to  rise  fren  aero  at  approxi¬ 
mately  H  -  3.05  seo  and  lasts  until  H  !  3.97  seo.  The  actual  time  of 
arrival  of  the  blast  wave  at  the  range  of  Site  B  la  presented  as  H  s 
3.05  ssa  in  tbs  reports  dealing  with  basic  data  (Ref  X  and  5).  This  is 
In  oloee  agreement  with  the  time  of  arrival,  as  indicated  by  the  motion 
pictures  at  Site  B.  The  actual  transit  tins  of  the  bridge,  again  as 
determined  from  the  action  pictures,  was  of  tbs  order  of  0.9  see  as  com¬ 
pared  to  the  0.05  etc  duration  of  the  ERA  record. 

The  fianko  acceleration  record,  on  the  other  hand,  evidenced  fre¬ 
quencies  of  approximately  200  epa  which  aa y  lave  been  actual  or  any 
have  originated  in  the  recording  apparatus.  If  the  frequencies  measured 
ware  real  frequencies  of  vibration  of  tha  local  staber  to  which  tha  gage 
was  attached,  tha  gag a  may  have  acted  more  as  a  velocity  gage  tether 
than  an  acceleration  gage,  sinoe  accelerations  are  measured  accurately 
only  for  frequencies  much  lass  than  tbs  natural  frsquancy  of  the  gage 
(100  cpt). 

The  reliability  of  the  results  obtained  from  the  too  types  of  ac¬ 
celeration  gagas  does  not  warrant  quantitative  conclusions. 

The  two  experimentally  determined  displacement  curves  are  seen  to 
compare  favorably  with  the  calculated  displacement  curve.  This  is  es¬ 
pecially  true  over  the  initial  region  of  tbs  displacement  of  the  south 
end  of  tha  bridge.  As  was  noted  in  tbs  chapter  on  results,  however, 
the  ends  of  tbs  bridge  gouged  tbs  edges  of  the  channels;  and  It  is  prob¬ 
ably  tha  retarding  force  resulting  from  this  effect  that  cansea  the  dis¬ 
placement  curve  of  the  south  end  of  the  bridge  to  suddenly  full  below 
the  calculated  curve.  The  displacement  curve  of  the  north  end  of  the 
bridge  lies  above  the  calculated  curve.  This  may  be  in  part  because 
the  binding  force  against  the  edge  of  tbs  channel  on  that  end  of  tbs 
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brides  was  negligible  coapared  to  the  retarding  action  cu  the  other  sad, 
with  the  result  that  part  of  the  kinetic  energy  of  the  south  end  was 
transferred  to  the  north  end.  The  wxperiaental  curve*  show  a  large 
negatire  second  derivative  toward  the  end  coopered  with  the  calculated 
curre.  This  is  probably  due  to  an  increase  in  the  coefficient  of  frio- 
tion,  approaching  static  coefficient  of  friction,  as  the  bridge  Telocity 
decreased,  lhe  result  was  s  higher  negatire  acceleration  than  would  be 
Indicated  by  a  coefficient  of  friction  of  0.3. 

Because  the  dymaic  vibration  analysis  presented  in  this  report 
depends  upon  aany  assumptions,  and  booause  experimental  evidence  is  not 
present  to  bear  out  the  calculated  results,  it  should  not  be  relied 
upon  for  quantitative  information.  However,  the  following  indioatlone 
are  present!  The  Magnitude  of  elongation  of  the  end  bay  sway  breoes  Is 
soawwbat  proportional  to  the  length  of  the  bridge;  the  end  bay  (or  pos¬ 
sibly  the  second  bay)  will  be  the  aoat  stressed;  the  limiting  distributed 
fores  to  which  a  100- ft  double-single  bridge  say  be  subjected  vithout 
rupture  of  the  sway  braces  is  in  the  order  of  75  per  cent  of  its  weight. 
If  the  bridge  is  allowed  to  slide,  the  inertia  force  my  be  subtracted 
free  the  blast  force  to  determine  the  net  uniform  farce;  the  force  a 
bridge  may  be  subjected  to  is  in  tersely  proportional  to  the  length,  or 
far  any  given  length  is  inversely  proportional  to  the  aass  per  bay  (de¬ 
flection  is  proportional  to  fi mg/K  .  therefore,  triple-single  would 
suffer  greater  deflection  than  double-single  subjected  to  the  seme 
fares). 

There  is  nothing  in  the  results  to  lndiaatm  that  significant  lift 
forces  can  be  attributed  to  the  precursor.  All  bridges  experienced  lift; 
however,  there  are  several  possible  reasons  for  this — perhaps  that,  dus 
to  the  aerodynamic  profile  of  the  bridge,  s  coefficient  of  lift  may  be 
ascribed  to  the  bridge.  The  lifting  of  tbs  bridge  flooring  at  Site  B 
far  Shot  9  (in  a  region  where  no  precursor  mi  detected)  is  evidence  of 
this.  Lift  was  aoat  evident  on  the  bridge  at  Site  A  for  Shot  10,  It 
may  be  remembered  that  only  the  windward  edgw  of  that  bridge  lifted  at 
first  and,  initially,  the  bridge  slid  along  on  it#  leeward  supports. 

The  lifting  may  have  been  a  result  of  aa  overturning  sonant  on  the 
bridge  caused  by  the  horizontal  wind  forces,  it  may  have  been  censed  by 
a  coefficient  of  lift  as  mentioned  above,  It  sty  have  been  caused  by  the 
precursor,  or  it  may  have  been  oauasd  by  a  combination  of  these. 

That  the  bridge  at  Site  A  (Shot  10)  slid  much  In  excess  of  what 
was  anticipated,  considering  so-called  "ideal*  conditions,  is  an  indi¬ 
cation  of  excessive  drag  at  that  range.  That  this  excessive  sliding 
may  be  correlated  to  measurements  of  excessive  drag  pressure  at  the  same 
range  is  an  indication  that  the  bridge  is  a  drag  structure.  Actual  data 
far  Shot  9,  Site  B,  bears  out  the  methods  used  in  calculating  the  slid¬ 
ing  response  of  the  bridge;  and  it  may  be  concluded  that  the  sliding 
rsspon-jt  of  any  similar  bridge  say  be  predicted  to  ths  same  degree  of 
accuracy  within  the  limitations  imposed  upon  ths  prediction  of  the  drag 
pressure. 
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CHAPTER  6 


CCTCL03ICK3  A  HP  FJCCTQgKPATIOiE 


6.1  COICEDSICTS 

1*  Tim  Bailey  bridge  (tad,  is  fact,  all  true e-type  bridges )  my 
be  data  If  lad  among  tha  so-called  "drag”  type  of  structures,  la  that 
lta  response  to  aa  atomic  blaat  depends  mlnly  on  tha  dynamic  preesure 
aaaoclatad  with  tha  blaat  and  only  slightly  on  tha  peak  overpressure. 
Predictions  of  response  (or  damage ),  tha ref are,  can  be  stated  In  terma 
of  a  peak  overpressure  only  insofar  aa  tha  dynamic  pressure  may  be  con¬ 
sidered  a  single-veined  function  of  peak  orarpraaanra.  In  general, 
thla  will  not  be  true. 

2.  ftnmlng  or  charring  of  tha  Bailey  deck  will  not  be  critical 
for  detonations  of  tha  else  naad  in  this  taat  aerie a.  It  la  poasibla 
that  for  much  larger  detonatloca  the  blast  ware,  being  weaker  and  ar- 
rlrlng  later  at  a  point  of  equivalent  thermal  flax,  night  actually  aid 
tha  horning. 

3.  In  tha  presenee  of  lift  farces,  the  full  weight  of  the  Bailey 
la  not  effective  in  causing  a  frictional  retarding  force.  The  results 
at  Site  A,  Shot  10,  Indicate  that  lift  forces  my  he  significant.  A 
frictional  restraint  anchorage  fay  itself  la,  therefore,  considered  an 
unsatisfactory  solution.  An  anchor  oabla  that  will  ■give1’  after  a  cer¬ 
tain  tansies  is  reached  appears  to  be  a  acre  satisfactory  answer  and 
baa  the  additional  advantage  that  It  can  be  connected  to  the  bridge  out 
several  feat  fro*  the  and,  thus  reducing  tbs  effective  span. 

4.  The  loading  is  primarily  drag}  and,  with  the  assumptions 
chosen  as  In  Chapter  5.  tha  drag  coefficient,  C<j  ,  of  1.63  la  slightly 
low.  This  la  illustrated  In  Tig.  5.6,  which  shows  the  calculated  dis¬ 
placement  to  he  lass  than  the  average  of  tha  two  experimental  curves. 
Since  tha  experiment  does  not  merit  three  significant  figures  for  tbs 
drag  coefficient,  a  value  of  1.7  my  ts  chosen  with  fair  accuracy. 

3.  The  analysis  indicates  that  the  end  hay  sway  braces  will  be 
damaged  before  other  component#  for  single  story  bridges  of  moderate  or 
great  spans.  Transom  clamp  seats  and  rakers  my  be  limiting  factors  la 
considerations  of  doable  or  triple  story  bridges. 

6.  Rapture  of  the  end  bay  nay  braces  will,  in  general,  result 
in  tha  progressive  collapse  of  the  bridge  by  allowing  vhe  bridge  to 
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accelerate  and  imposing  excessive  bunding  aowenta  at  th*  trass  pin  Joist 
bstwsen  tbs  end  bays  and  adjseert  bay.  Far  bridges  above  oingls  story 
height,  failure  of  rakera  and  trensow  seats  will  allow  tbs  wiidrard 
truss  to  lay  crtr  and  redues  tbs  vertical  rigidity  of  tba  structure, 
Collipea  will  probably  snaus, 

7.  Tba  analytical  aetbods  of  Chapter  5  say  ba  used  with  suffi¬ 
cient  accuracy  to  calculate  the  eliding  response  ef  a  bridge  with  tba 
reservation  that  the  drag  coefficient  be  chosen  as  in  conclusion  4. 

8.  Sufficient  knowledge  Is  not  available  to  enable  aeeurat#  tre- 
dicticns  of  overpressures  and  dynaale  preaeures  near  detonations  of 
relatively  low  altitude, 

6.2  RECCXySKDATICre 

It  is  reecnwsndsd  that: 

1.  Response  of  prefabricated  fixed  bridging  ba  corre  ted  with 
drag  pressures  and  not  with  overpressures . 

2.  Anchor  oables  be  used  is  the  field  as  a  neans  of  1;  ' ting  the 
response  of  a  bridge  to  blast  when  attack  is  imminent.  Tba  <*•  tb  anchor 
should  havw  sows  ■give"  to  it.  As  an  intsria  guide.  Table  6.1  nd  Tig. 
6.1  are  presented  to  indicate  the  arrangenent  of  such  anchor  os.-ss, 

3.  The  dreg  coafflclent  far  Bailey  bridges  be  chosen  as  1.7  until 
additional  testa  indicate  a  acre  accurate  value. 

4.  Model  Bailey  bridges  and  T6  bridges  of  different  constructions 
be  tested  in  a  wind  tunnel  to  sore  accurately  establish  drag  coeffi¬ 
cients  and  load  distribution. 

5.  Tbs  "give*  characteristics  of  earth  anchors  ba  investigated. 

6.  Consideration  he  given  to  upturning  the  ends  of  the  sway 
braces  prior  to  threading,  in  order  to  increase  the  effective  section 
area  in  that  region.  At  present,  It  Is  the  reduced  diawe  ter  of  tbs 
braces  In  this  region  that  Units  the  strength  of  the  sway  braces. 

7.  Tbs  tranaow  seats  of  Ballsy  panels  be  strengthened. 

8.  Static  deflection  tests  va  rads  on  the  Bailey  and  T6  bridges 
to  determine  accurately  their  horiscntal  deflection  characteristics. 
Strain  gage  naasureweots  should  be  cede. 

9.  In  the  light  of  static  taste,  wind  tunnel  tests,  c.rvl  anchor 
cable  c  ana  id  era ti  one,  an  analysis  of  Ballsy  end  T6  bridging  be  sado 
which  will  result  in  useful  tabular  data  of  response  versus  dynaale 
pressure  for  various  truss  cone  tractions  and  bridge  lengths. 

10.  In  future  full-scale  atcade  test#  in  which  precursor  phenomena 
are  anticipated,  particular  attention  should  be  paid  to  obtaining  dy¬ 
namic  pressure  data. 


81 


CONFIDENTIAL  -  RESTRICTED  DATA 


TIBI*  6.1  -  Attecbaaet  af  isobar  Cahlaa 

Attachment  of  Anchor  Cables 

1  s  Length  of  Bridge  In  Bays 

n  *  Distance  Fran  End  of  Bridge 
to  point  where  anchor  cable  Is 


la  fastened  In  bays 


a 

1 

a 

5 

2 

13 

4 

KM 

2 

14 

4 

8 

2 

13 

3 

IB 

3 

16 

5 

10 

3 

17 

» _ 1 

11 

3 

18 

9 

12 

4 

19 

S: 

82 

CONFIDENTIAL- RESTRICTED  DATA 


AprETOrr  a 


STEALS 


p  -  free  atreaa  aide-on  overpressure 

*  Peak  aid*  on  irerpreasure 
(■  *  Positive  phase  duration 

y  a  Shock  lionise  delivered  to  a  structure  by  the  bit  at  ware  during 
ita  initial  or  diffraction  phase 

-  Shock  lapulsa  delivered  to  the  structure  par  unit  of  exposed  araa 
P3  -  Shock  forea 

p  t  Drag  forea  (forea  of  tha  high  velocity  winds) 

-  Paak  drag  forea 

*  Drag  coafflciant 

p  *  Araa  affactira  in  drag  loading 

q  %  Dynaaie  praaaura 

a.  -  RmUc  dynaaie  praaaura 

‘o Density  of  air  behind  ahock  front 

v  *  Particle  ralocity  behind  ahock  front 

Pc*  Ataoepherie  praaaura 

e?  *  Angle  of  yaw 

Vertical  coaponant  of  theraal  intensity 
Jv-  Weight  of  100-ft  double-ainglo  Bailer  bridge 
M  -  Haas  of  ICO-ft  doubla-aisgla  Bailey  bridge 
x<9  *  Oiaplaeeaaat  of  canter  of  gravity  of  bridge 
p  -  Motion  forea  raaiatlng  lateral  sliding  of  bridge 
p  r  Coefficient  of  friction 

Cooponent  of  bridge  ralocity  due  to  drag  force 

-  Ccnponant  of  bridge  ralocity  due  to  friction  fores 
X3  -  Cooponent  of  bridge  dlanlaceaent  due  to  shock  force 

Cooponent  of  bridge  displacement  due  to  drag  foroe 

-r  Cooponent  of  bridge  dlaplaoeasnt  dca  to  friction  fore* 
tf  *  Ti*e  of  transit  of  sliding  bridge 
Ar  -  Elevation  area  of  Bailay  bridge  trues  per  bay 
Af  *  Elevation  araa  of  Bailey  bridge  flooring  per  bay 
Ax  -  Incremental  diaolaoeasnt  of  one  bay  of  Bailey  bridge 
£  Length  of  Bailay  away  brao# 

AJt  -  Elongation  of  Bailay  away  hraoa 
L  -  Langth  of  one  bay  of  Bailay  bridging 
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1  fMiUnot  b*t»w*n  my  terse*  pin  oena*«ti*a*  aloof  teilry  panel 
f*n*ion  in  Bailey  my  brae* 

'  Teong's  aodulua  for  my  ferae* 

"  Spring  oonatant 

-  Mom  of  on*  key  of  doohie-alnfle  Bailey  bridge 
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Appracn  b 


3  6  7  8  9  10  11  12 


Peak  Overpressure,  ysi 
Pso  *  7,75  p,i 

fig*  B*1  tetphioel  Interpolation  to  Determine  Mt  Overpreerore  tt 
Beloit  end  Bug*  of  Bridge,  Shot  9,  Site  B 
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Positive  Phase  Duration,  Sec. 
s  0.938  sec. 

.  B.2  Graphical  Interpolation  to  3et«rslae  Positive  ftsaee  Deration 
at  Height  and  Sango  of  Bridge,  Shot  9,  Site  B 
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Peak  Orerpressura,  pal 
PgO  »  10.6  psi 


Tig.  B.  3  Graphical  Intarpclation  to  Datarmina  Paak  Otarprasanra  at 
Eaigfat  and  Bang*  of  Brlfiga,  Shot  10,  Sita  A 


t 


) 
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APTRKDIX  C 


matiBBsum 


The  diaplaoeeent  of  the  bridge  at  Sit*  B  a*  *  function  at  ti a* 
waa  d*t*rein*d  e*  follow*  t 

Th*  diaplaoeeent  at  tb*  earth  and  of  th*  hri dg*  waa  dot* rained  by 
Baking  enlargeaenta  of  th*  auccosair*  aoring  picture  fraaaa  taken  of 
that  and  of  tb*  bridge  during  ita  eliding  phae*.  The  ape*d  of  th*  can- 
ara  daring  th*  tie*  of  interact  waa  23,6  fraaaa  per  aeeoodf  than,  rao- 
oeaeive  fraaaa  abov  the  pocition  of  the  bridge  at  late  mil*  of  tiae  of 
42,4  aaae.  Tba  tia*»dlaplaoeaant  history  of  tb*  north  end  of  the  aaaa 
bridge  eaa  determined  in  Ilka  aaaner.  Olaplaoeaent  In  oentiaetar*  waa 
■ea eared  tram  tb*  enlarge  aent#  with  th*  aid  of  an  optical  wiener  with 
crosshair*,  and  the  oentiaetar  diaenalone  vara  cccrerted  to  prototype 
diaenaioo*  in  inobaa. 
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TAILS  C, 


wwnt.  Shot  9.  Sit*  B,  Sooth  lad  of 


Prus  lo. 

Tlae  (aao) 

(Diaplaosasst  (ea) 

3.05 

0 

1 

3.092 

Bsaerd 

2 

3.135 

Obacurad 

3 

3.177 

4 

3.220 

0.110 

5 

3.262 

0.155 

6 

3.304 

0.205 

7 

3.347 

0.250 

8 

3.389 

0.310 

9 

3.432 

0.370 

10 

3.474 

0.410 

11 

3.516 

0.445 

12 

3.559 

0.451 

13 

3.601 

0.495 

14 

3.644 

0.535 

15 

3.686 

0.590 

16 

3.729 

0.595 

17 

3.771 

0.600 

0.619 

iTOwl/P 

Dlaplaoaasnt 


0 


Caaara  apead  =  23.6  fTuas  par  mo 
Iotar-val  batman  Truss  s*  0.0424  son 
1  tool  dlaplaoaasnt,  photo  anlargaasnt  <=  0.619  ea 
P.nol  diaplaoasant,  prototype  =  30  in. 

Catnrslon  faotar  48.6  ln./aa 

71*-'  o f  arrival  of  blast  vara  =■  3.05  sac 


89 

CONFIDENTIAL  -  RESTRICTED  DATA 


B,  Worth 


Tram  $0. 

Tine  (see) 

Diaplaeawct  (oaj 

Pretotyp* 

Diselaotwnt  (la.) 

3.050 

0 

0 

1 

3.080 

fUcord 

2 

3.110 

Gbacurwd 

3 

3 .140 

0.095 

4.2 

4 

3.171 

0.135 

5.9 

5 

3.201 

0.202 

8.9 

6 

3.231 

0.247 

10.8 

7 

3.261 

0.312 

13.7 

8 

3.291 

0.367 

16.1 

9 

3.322 

0.435 

19.1 

10 

3.352 

0.505 

22.1 

11 

3.382 

0,570 

25.0 

12 

3.412 

0.637 

27.9 

13 

3.442 

0.690 

30.2 

U 

3.473 

0.707 

31.0 

15 

3.503 

0.750 

32.8 

16 

3.533 

0.790 

34.6 

17 

3.563 

0.830 

36.3 

18 

3.593 

0.877 

38.4 

19 

3.624 

0.920 

40.3 

20 

3.654 

0.977 

42.8 

21 

3.684 

1.012 

44.4 

22 

3.714 

1.067 

46.8 

23 

3.744 

1.082 

47.5 

24 

3.775 

48.4 

25 

3.805 

1.160 

50.9 

26 

3.845 

1.197 

52.5 

27 

3.875 

1.240 

54.4 

28 

3.905 

1.240 

54.4 

29 

3.936 

1.260 

55.3 

30 

3.966 

1.300 

57.0 

Caatrm  sptad  *  33.1  framt  par  mo 
Intarval  batware  fn»i  »  0.0302  mo 
71ml  dls^toewnt,  photo  enlargaasnt  -  1.300  cm 
final  dispit oa  rent,  prototypo  »  57  ia. 

Coovaraion  factor  =•  43.8  la. /cm 

TIm  of  arrival  of  blart  «a*a  «  3.05  soe 
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APPSXDIX  a 


as  pii 


MiBtaggB 


a.i  smj^juni 

D.i.x  teat  tod  AcccIfraUga.CalculiUgM 

R«  =F*+Fj-Ff  X<t)  =  FfO/M 

M  *  aasa  of  100  ft  D5  hrldga  -  2240  aloe* 
Fa  *  o*  at  t  -  O  and  -  o  tharaaftar 
fj  s  lOl.OOO^'^lb 
t,  -  0.938  mo 
Ff  --  21,600  lb 


tlBIZ  D.l  -  Faroa  and  Acoalaratloo  Calenlatieaa,  Shot  9.  31ta  B 


n 

m 

rjn,) 

FM 

WXN 

x(t)  ((1 /*<**) 

0 

0 

1 

co 

101,000 

0* 

0 

1 

0 

101,000 

79,400 

35.5 

0.1 

0.427 

0.653 

0 

65,900 

44,300 

19.8 

0.2 

0.854 

0.426 

0 

43,000 

21,400 

9.55 

0.3 

1.282 

0.278 

0 

28,000 

6,400 

2.88 

0.4 

1.709 

0.181 

0 

18,300 

-3,300 

-1.47 

0.5 

2.136 

0.118 

0 

11,900 

-9,700 

-4.33 

0.6 

2.563 

0.077 

0 

7,800 

-13,800 

-6.16 

0.7 

2.990 

0.051 

0 

5,200 

-16,400 

-7.32 

0.8 

3.418 

0.033 

0 

3,300 

-18,300 

-8.17 

|A| 

3.845 

0.021 

0 

-19,400 

•8.66 

m 

■ 

•21,600 
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d.1.2  TtlgfllVr  fijJLflaltUflM 

vit)  -  vs  ♦  v'*  - 

v;.  0.5  fp5 

Vi*  10.60 -£  4  t<t, 

-10.66 -£  /*  10.4  fps  t>t, 

V£r9.66t  fp5 
(,*0.938  stt 


T18IX  pt?  -  7»loclty  CaloalatloM,  Shot  9.  Sit*  B 


B 

4</t, 

/-c 

\Sjfrp3j 

0 

0 

mwm 

0 

0 

0 

.5 

0.1 

0027 

1  f  Jll 

0.347 

3.68 

0.97 

3.21 

0.2 

0.854 

0.574 

6.08 

1.93 

4.65 

0.3 

1.282 

0.722 

7.65 

2.90 

5.25 

0.4 

1.709 

BUir7| 

0.819 

8.68 

3.86 

5.32 

0.5 

2.X  6 

■  Tlrrl 

0.882 

9.35 

4.83 

5.03 

0.6 

2.563 

BaI/7] 

0.923 

9.78 

5.80 

4.48 

0.7 

2.990 

0.949 

10.05 

6.76 

3.79 

0.8 

3.418 

0.033 

0.967 

10.25 

7.72 

3.03 

■iM 

3.845 

0.021 

0.979 

10.38 

8.69 

2.19 

BK1 

10.4 

9.66 

1.24 

10.4 

10.63 

0 

HQ 

10.4 

11.60 

0 

D.1.3  MiaLMMMi  Calcnlmtlam. 

xk.mXj+xw-*  f 

$1  -r  10^6  t  ♦  0.23i(£~At,/t- 1 )  ft  t  <  t , 

0.23^(l-J-£-»)ft  t>t, 

I  ft 
t  -  0.938  s*r 
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safest 


T1BLE  D.3  -  Dlfplaotwat  Calculation*,  Shot  9,  Sit#  B 


/ 


t 

£ 

C2*f&  *-0 

(ft) 

x/rt) 

1 

0 

0 

0 

0 

0 

0.1 

0.653 

-0.081 

0.05 

0.20 

0.05 

0.20 

0.2 

0.426 

-0.134 

0.10 

0.70 

0.19 

0.61 

0.3 

0.278 

-0.169 

0.15 

1.39 

0.44 

1.10 

0.4 

0.181 

-0.192 

0.20 

2.20 

0.77 

1.63 

0.5 

0.118 

-0.206 

0.25 

3.12 

1.21 

2.16 

0.6 

0.077 

-0.216 

0.30 

4.07 

1.74 

2.63 

0.7 

0.051 

-0.222 

0.35 

5.06 

2.36 

3.05 

0.8 

0.033 

-0.226 

0.40 

6.08 

3.09 

3.39 

0.9 

0.021 

-0.229 

0.45 

7.12 

3.91 

3.66 

1.0 

0.50 

8.15 

4.83 

3.82 

1.1 

0.55 

9.20 

5.84 

3.91 

1.2 

0.60 

10.22 

6.95 

3.87 

Mulaai  die plaoe sent  la  trpfimd  la  Chapter  5  at  •  function  of 
tha  blaat  paraaatera,  coefficient  of  friction,  and  tins  of  transit, 
vbara  tlaa  la  a  transcendental  function  at  the  blaat  pamaeters  and 
tha  coefficient  at  friction.  To  faollltata  calculations,  tlaa  of 
transit  and  blast  paranatars  have  baan  choaan  aa  independent  variables 
and  coafflciant  of  friction  calculated  by  application  at  Equation  5.4. 
This  alladnataa  tha  necessity  tat  a  trial -and-a rror  « elation  at  a  trans¬ 
cendental  equation. 


l.<*, 

t, 


Cj=  32.2  fp* 
M  =  2240 


In  general,  t,  la  not  a  single  valued  function  of  P$o  or  q0  , 
bat  dapenda  on  the  boob  yield  aa  vail,  for  the  purpose  of  theee  calcu¬ 
lations,  t,  =  0.8  sec  bad  been  chosen  as  a  aedian  vidua  representing 
with  reasonable  accuracy  positive  phase  durations  of  froa  0.6  sec.  to 
1.0  sec .  far  shorter  positive  phase  durations,  tbs  sliding  displace- 
sent  calculated  by  the  use  ctf  T,  =  0.8  sec.  vcnld  tend  to  be  too  large, 
for  bcab  yields  in  tha  range  of  several  hundreds  of  kllotone,  a  larger 
duration  ahould  be  used  to  calculate  response. 
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AJ' 

yt.rlr>  *  ‘  ■S'' 

4  <0  6 

1 

t->™ 

rs  -■ 

*t  -t?  •  /t'-*  4  4 

r  6VJ  CJCO-S 

t.  <a  ft 

z 

0  r/x  /+//.  -c*f<J/r 

4  X0.6 

*/ 

-  /f  /ysC 

x  - 

S'  *  s, 

4. 

■  CS.  4j?)  <ya 

Tj  -■  '44  6  H*. 

TIB IX  D.4  -  fcflw  Otaplaman*  of  Doobl»«Slacl»  Bailor 

-- ?  G  £?„  -  *?.&/>*'  /£,  * /£<rx?OC> /S  /}  ■*  'JOO  /&  Srr 


M  --  jr[  °'8  +.  2.<o{/-  s ' rAj] 

S.  <  <0  6 

.  £ 

4  *><?# 

4 

4  „  c  x &  /- 
tj  -  //  //4  - 

4  rc-.^ 

~  'c-  4  -  <» 

4  ><?.<? 

X(.  --  U./yl/t.' 


6,fs«cJ 

X' 

XjW 

Xxfc'J 

Xfff'/ 

rfSO 

0.4 

0.585 

0.23 

2.53 

1.51 

1.25 

0.6 

0.427 

0.35 

4.57 

208 

2.44 

0.8 

0.329 

0M> 

6.73 

3.39 

3.80 

1.0 

0.263 

0.58 

8.92 

4.23 

5.27 

1.25 

0.220 

0.73 

11.65 

5.28 

7.10 

1.50 

0.185 

0.87 

34.39 

6.70 

8.56 

1.75 

0.150 

1.02 

17.12 

700 

10.74 

2.00 

0.132 

1.16 

19.86 

8.50 

12.52 

2.50 

0.105 

1*45 

25.33 

10.56 

16.22 

%?  //-  -  *’?o fc.  -Wy  ▼>->,#* 

yf  -  3cSO  M  ^ 

j;  *  /  /* rA»  z  .  ‘A*’/'/  z^  "  r  r*fj 

A  -r  ^  * 

f  yz  • 

4  ^  ^  <? 

ZV 

z,  -  r  v  w'  z% 

<✓  -  *  ^  5/?.  -  ^  z^/z  - /r '  'ry/ 

4  <"<?.«£ 

--  /zy/7-r./z</ 

4  ><?..£ 

xf  *-  z*  z^// 

^ 6w 

’ 

y 

x/MJ 

XsMO 

XffoJ 

xfOJ 

0.4 

1.325 

0.37 

5.07 

3-41 

2.03 

0.6 

i.ua 

0.56 

9.15 

6.65 

3.06 

0.2 

0.889 

0.75 

13.47 

9.16 

5.06 

1.0 

0.710 

0.93 

17.83 

11.43 

7.33 

1.25 

0.568 

1.16 

23.30 

U.  30 

10.16 

1.50 

0.473 

1.40 

28.77 

17.13 

13.04 

1.75 

0.406 

1.63 

34.24 

20.01 

15.86 

2.00 

0.353 

1.26 

39.71 

22.86 

18.71 

2.50 

0.284 

2.33 

50.65 

28.57 

24.41 

tUSIo  D.i.2  -  *>tSjks*  OispIacAwct  of  Pouhla-ftlr^la  2fcl ley 

-topx/  P?a  -  /6  0P*'  374.700 /*>  /i*73/F  Ms** 

7"  '<*fLL  4  & 

V* 

<J,  -  /  C?/-f  4 

/<V  »  37e  Mo  -o.  /££~J  4  7  0.8 

X?  -  /*/,</ 4* 
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ippron  t 


rnsmss  i&asa 

xa  JZSsMUlOOLLBEa 


Sqoatlonu  at  motXaus 

K  +2i4x.  -2u£k,  =  - 

(ra) 

*x,  +2cd?x,  -tU'X,  -  tv4rr 

(T.2) 

-tU'X,  *  X,  +2UJ?**  -cU*Xr  //tv 

(x.3) 

rZus.Xj  -u4'x4  *//&? 

fxa) 

-u^X,  -e  Xf+Zrici^-cc^Xs 

(x.5) 

~Zuitx4 1-  X}  +.zui  Xxs  - 

(x.6) 

Sqaimlcat  Leplac*  •qmtlocai 

(j$ *+ZUJ> 'JXZ-fJ-ZJU % CsJ &*/ 

(X.7) 
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I 


■04  *  ^  -  oSw/  f/fo  /<-?/  ^*4* 

-*£X,(*J  r(s'r  Z  t^JXte)  -  aJ:  Xsfft  -  ///&  ftjJ  fc?) 
-  c+Cx.  (ft  +fs  'rzus,  *)X,(z) -uJ.'x'jfsJ  '  //ft  ft?)  fc/ft 

-u CXS  (j)t(9*tZtAC}Xf(s)  -  u+'ftfft  -*  /ft77  ftft  fe  //) 


^'y,/'  -ivSviw^Va.' - *^sJ 

.  ^*+7S4k'.,+  /fft(</S-+7i 't£  ,.  ,  / 

~  ~J^ls+u’.irr>\</sz«yS  /<-■’>/"? 

QoIy*  for  Z2(«) 

X/jJ-  ~  1  ^  {XU  e  ) _  X  r<-t 

j>  *7 &S*a+  '.**/* 5 ‘cu'+Xo.f  *'  s/ 

u  S‘ ±  7-5 *a  ;V/^5V/^/  7/511* _  / 

saLstltats  la  sqaatloa  X.8 

-<dxX&;+fs*-7Zu/0  - yV/y I 

-//y  -4»  W/4X  'U/S^ZftjS  -If-  y 

L  '  3*-tX5*c t.;  '72<2r*U,?-r/6jr  tij  *+Z£cifJ  r<^X  W 

-ui 'S.OJ-,  ^Qrnk i ^ssyu  •fjvsl4,y&"u,*zur  ,,  . 

-W' 

r  J*y  gyb  ; PW*  — .  , / 

S*-t  XX  Yii'-/2^S  <&; 

•«lt»  for  XjU) 

y/^f-  UYsf+#xU,'7^USy-/£SW,‘+2&;S) 


l  ^X*y7X^’-r£7X'uJS7J&x‘X‘, ?a£* _ ./ 

-^V/^JS' ^V-jZO"  ^^i‘lxxl6SmM+za/7~  '*5'/ M 


X'^/ox  V-^jt  4^4  "V  V-25CX 


■abrUtot*  la  •qmtloo  *.7i 

za/fYs'^XXty Vzxx^cij  *>/&?  iy,  ^X£*//) 
L  ~r~+  S0S*&4 'rSS'S^cu* 


Jzte 


.r  a.?/iiY‘T‘+'7s^i‘sZ7s*il-'sjeL-;*i?,vai,‘  -ja,  J 

L  -*  */£&*c4  Jt3fy\i4*7xz?5+a£7,z&'<i4a+xui"/  rrr 

•clr*  for  Xp(a) 

a^w.-  ?x'7S$JU*^zxW+jrxxUW&U*  ,  * 

/^7 

•ad  so,  tbs  sbsrsatsrlstle  sqostlon  for  tbs  rsspcass  1st 

5^*/Z3tc4  *r-Syx*U4*+/&?Xf&4  47g£3t4lmr^XX~*0 
ths^fsri,1*  *******  a  X«lfltls  sqostloo,  line*  it  as?  bo  rssrlttsa  la 

/•  *r+,\z/' *+s3/~*-7  **?/*  v <gxym-*zo  -  £? 

rtw  /*- 
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By  Inspection,  we  see  tbst  this  say  be  factored  as  follows £ 


l/’s-S.k/'*  -cos'*  t-S)  *=  o 

end  a  qnartlo  reeains  to  be  solved.  This  aay  be  acecwplisbed  by 
plotting  the  value  of  the  qoartio  as  a  function  at  r  and  choosing  the 
roots  as  the  values  of  r  far  which  the  function  equals  aero.  This 
process  yields  the  following  roots J 

rt  =  -.sez 

/!--  -/ssz 

/}  =  -Z.  6/S 

and  the  roots  of  the  characteristic  equation  aret 

■3,*  -  - O.S8Z  6J*  5,*  ±  JO.6/S0J. 

3*  *  -tzszca'  Sz-*j '  /SeJ. 

Sj - ^  6 /SCO. *■  s,=  Zj/.  6ZcJ. 

V  '  -3.^/stJ*  S,  =±j/.  7o/Je 

-  4  OO&&/*  ST -Z: j ZOOCaX, 

If  the  applied  fores,  7,  is  a  step  function,  being  sero  for  t<  o 
and  7  thereafter, 

rfs)~-§- 

and  equation  5,13  aay  be  written  aa 

yM-  _ £ 

Tba  quantity  00  the  right-hand  aide  of  the  equatloo  nay  be  ex¬ 
panded  in  terns  of  its  partial  fractions. 

+_5  Vassay*  zP&ZBzii  *  4* 

The  constants  art  svaluated  aa  followst 

*  ~  zoo#*  oy  °-*s<e4'/r7 

0  0J&2£-Z>.  302*/382£-  OJ&c-0&S/z>J8Z?0’6A3/Z?3S2f*aA 

ce  a  4£/?7  '^'^Cc/I67 
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r  332.  V/KyySu*  /? 

C'/Va£^7.^  m&j&&&#SS&Zrt&2pttI+40j#*m 

x  X'l^Z  6~  s  /^x-_dl. 

470  <^77  ^^4’/77  , 

/5  X/X/tsT*#  6/0jJi'277r6A‘})-J,f/fr.  6.#U//LS7Cj?  f 


-.<*  /*-  <o  r/r-s-— 

/<?  Cci’W  '€z4M  .  ,,  -,  _ 

_  _  />/>  6/0 JAFFA'S  S/sr+  ^&£/0/-J7lrf*A9/+/&y6£ £ 


J^l^- 

'O  Ccix/7? 

&/&C'J^-£ 


°m  ^6c£*f?7  t 


■7.  /*  4*  -  ^  7/* _/£T. 
/O  <5^/7?  ^ 


Thus,  th«  iav*p»e  transfer*  1st 

x/tY/S‘2‘f&2S£.  &3&l?+  /  SS&ZS/./JcUf /076  COS/62627 
-/0£/rcase<X>  4/.  6  /&.2S'cas£f.0tcJ,  f -A2^^- 

XjtY  Y2&>S06&c*i**£63S/./86ZS+2  0?5/626it 
+2  cos/.  9&lclt  +  /  COSJ.ocJ.  f/^T 

from  •qsatiaw  S.ls 

xyjy  y  ^ih^I 

X/fJ  =[*^4  case.  &8«4f-  0J*cos/.£2&J/+  0.  *S’Oas/A?/Uf 
~6  <Tccs /’&eJ,f-a.^c0024yl6-02Jrfc^r7 

X,  m[-26Zeas0.6,&£4f+ 6.62  cos /./0t*lt-O.6Zcos/£2ult 
- /£2  cos /70U,t-  cos' \2U\  tjfff 

itOK  •qurfciec  E.2* 

Xjtj--*.  ^rx>  +ZX,  -(j*7h 

-[-.  ZS+  /.  62  case?.  6/0/U  t-  //7  cos  /.  /06L/ 

-CX£2  cos  /62£c/.t+  0./7  0*5  /.  7&U4£ 

-O.ZcT  CO?  2. 0<^y.  Yfirpf/ff 

xt  =[-042 COSO.  6/0 alt  //.62  Cos/,/0  u7.{-f‘/.62caS/.62&(.£ 

-0.62  C&s/.&a/S-  /.00C£X62.66iififf 

firai  IqaatloB  E,3t 

X/O*  ~K  +J2X*.-/??rr 
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x/f/C1  /X2  <03  <2  X/8&4  £-/ /Xocs/  /Xo£/rc4£2<o:3  /XXo££ 
rcs/7  c-cs  /  yo<~,  f  -  cV.  4jf  c*>3 2 <**£  7  tZZsJ^gTf? 
x'r  *(c  (J  <0^0  6/8o4/^/£7c03 /  /&Oit~/  *Z<-03  /£7o4f 
-a.  £7.  «x?/  yet^tf/cc/cosa/.f/^- 

fret*  iKrwtlon  I.<M 

Xf  {//-- rt  +£t  Jr,  txxj  -  xy/rr 

4-8  zj  c<x?a  s/scti  t/<r  Xsr^sz/eo/,  /+  £>28<xs/£2o4t 
-£>  4j~c0s/&c»'.t  recess  j.cut +j 
X+-[/.6£  CoS  0-bU3u)ot  -ae /  CoSU&u/t-ObXCoS  A6Zu).£ 
f  ttecos i.9Qui,t  -  /. oocasz.otot ]-£- 
tram  a^artlM  1.5s 
/£/£/-  -*j  *i  +Z>C,  -  X/fo 

=[-  X~Z  jeoje  y/£cU  ft/.  *jrccs//8al  t-  c-  /teas/ ££<*/.  / 
t  CO.S/  yc?fUt-0-Zr<0SS.0t*i  tyS'TfJ^sr? 

AX,  -  X,  -X0 

•£/00  CcSC.O/Au/,  t-/ cocos //SOS.  (-/oocos/  oZaM  t 
-/.00  c&8/.  ?ec^r-<>.Sc>£0js z.ccJvt/4  (£./4) 

£Xt  -  Xg  -X, 

=&*  X2  c*>3  &  //ea4,  £-/xz  xo$  /.  /acsj  f-ajA&s/xzut 

y  A.  XZGas/.+ZOl  f-tdSCCaXX.  004,  ttJlX ^ /X) 

AX,-X,-Xt 

*£j28  «S0  X/0Oi  t/AZXXeZf  /.  £7,04  £  -ASOCOXZAC// 

feuj 

-f-Z.XZcoS  &  0/8  04  ft  /  X7C0S//0o4t-0j0cea7/CZC4,f 
-a  £2 c^>s  /.</& c<4t  *7 S£?Ca£2. 7o/af-y/X<7£^7  fe/7/ 

AX,  *  X,  ~ X, 

"£/ c*7  Cos  &.  £/S  <*L  ft/ 00  OX<  //XOJ,  f-/£0CoS/XZo4t 
y  f.0£/coX/.?£>cUt“0.SX>  <032.00/ 
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*.2  ETGBT- 


o 

4F - 

!  ’* 


H  p5 


•qwtioo*  of  aotlont 

K-t£u;SX.  -  -7yfo/r 

fc/?/ 

at  ‘Xc  +K  ^Xu/.'x.  ,  ay,  rXf  - 

Cr&J 

~u4tx*  *■  *t  -fXnj. vr  - '-/> j xytzr 

fc2/J 

'**  v,  ***/,Vj  -^Jr^x/sr? 

Cr.Ztj 

-Jcu  'Xj+X,  +Zt*sJX4  -r  /^y 

fe.ZJj 

•qulvaiont  Laplae*  •qtatlooat 

(*'**WX&,-*£4* /r&y 

te&S 

-ot'Xte/ +fr'^cu  ‘JX&S  -  ^^5/  -- 

teetj 

-<U  ^ y  &-eU'Xtfv~  *&///?? 

CrxrJ 

'2^%&+&'+2(j?JX’/s/  ~/7s/A^ 

fe28/ 

•***»  •qmtiao  1.28  for  X*(«) 

*. J7T~  /*,/», 


’  mar'**'  riv^ 

1st*  *qmtice  8.27 
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»olv»  for  1^(3) 

y-A  /  *  ^ ^ ''  - '/  r-  / 

^  ‘ J»  <V  rfV  W  *  -  /%^57 

rabetltot*  Into  equation  E.?6i 

S*+4>r64',jatf  * 

/  S+TZyZ&TzZ&J  ^ 

V „  , 

**  7<^iW — <*4' 

S'+'fS'Cc/.'tecci*  rus//77 

solr»  for  22(e) 

Y /n  -  ^ ^  ~^L— *  tfSCrj.  * }  ir/s,  .  S*+Y'jr/’/'* s-f&if 

2  S  +43',tJ,*+'f3'Uer+J<it*  %l  /  Wecl'rZoU 

*ui»titute  into  equation  E.25 

*- TVa, 

J/  +  ^£Lg±rswtswt  I,?,,/,?? 

*-  J  vk>  feU'+?*lu/m  ++Y<U*J  *'Jf/S/?? 

-44.  'Xlfrj  +  Jf+dsW.'+jeYtrfWt •ste‘+26J.m  K  ,  , 

»  -*g*  *y*<4  V/V5-  y^ /»  ~  ^ 

-y  V  SS+Cc,'. 1  -2<2£c  44}///77 

•olv*  far  X.(s) 

✓Ay,.  J**&*+& *64*+ 

'  S*+SS*c</. c+&3*ct{**/6s,cJ!*+jai* 

+  z£±c££*64  1±  7<"~‘  /?<//*? 

S*+S3*44e^^5^++/45z64,VZcc/.a  A  '' 


“  tZ^S**4+r*6?5-'64*¥/6J*&4a 
~5  e-f-&S*C<4  r  +20J*et/S+/£j<6jl- V<?<5^* 


-AZfx/ 


= -  rf'+tt‘&4*+/2£s*&s+SSS,/U6  y, 

-JWjT^  VZ<?J+(m!,  */V^*6t)SyYa4,a  &%'//?7 

Y/SJ  -  -  7-f* +3~ys*4Jc.  V  /yy^  *&!++ /* _  _,  / 

^  -? *+/<?s*cj. 1 7-Jv^r  '  4T-3J//77 
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and  the  characteristic  aquation  ist 
J  '  t  /*^V'  7  '//£*  s/A/ti  *  ,»  z* 

by  inspection,  the  aquation  aay  ba  factored  as  folloaai 

(3  i.  *£>  V-/*/'/V 

solution  of  tha  rswainin^  quadratic  yields  tbs  following  roots > 

*  -/fe  *  -  -oj&aU. '  j>  -  ^ ^v-4 

-S’,*  -  OU/  '  -  /*//  A/^/CiA, 

Sj '  --  -//^/JcuL 1  -  -jr  4V^ '  -5,  - Jf y  /  «5jT4^ 

-  -  4oc*/A  -5,  - j? /z.<3 oJ0 

Ffr/*  ~f 

and  aquation  8.29  can  ba  written  as  follow*! 

y,.  .  A  .  £L . _  Of  _ 

AclJ  *  -5  JV&S&ta/.1  + 5*770(4* 

'3X+-0.C'Cc/ 

a  ^40//  f~  _  _  > — 41 
/4  ~  “  /6&J/  07  ^■■Z2*l'/77 

-  - 7& 'TSC/*SZ0/c’S7K/z&*  ^ 

&  ~  S  <^W 

^  ^V67 


~  /^Ut07 

r.  -7/Z4/4p+SV&Wj-/26tir*/+J+64 
t>~  -0 

rr  -  y/fr  o/JA^//oJ  K-/?Q(Acr/y  &£_  A 

(-0/2/  <«*'?? 


~  0-Z/’£i4*07 

Taking  tha  inverse  tranaf era 

’//.  /rcafO.  76S~<^i  /Z/0C0S/Y/U4  /  ^  &^rra?fSOS*4  A 
/  0.7S~C0S^.<?U/.  (-sr<zrjA~/a/.  x*n 

JC  -  -/>. <?  G0JS-&. 7KS~^  t+0.OC£>f/.//ct/,  / 72.0CCS/.8JT64,  A 

/AO  COf  7.  OC U  (7~£f 

trm  aqrmtioo  8.19t 

K/AzuO  *.+x.+  7/£uC0/  A 
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X,w- -.?  +£>  X,  rSXr  -  r/>* 

*£-S"  caS  0. 7/Sa±  (7 /sets/  X/cU  t-0.S7cas/.AS6t  f 
y  0.7x00s  A.  au/,ti>X.  7S££^ 
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-[-/CC c^so.  76S-Ui  t- /0coS/."cU /-/.0 CoS/aS*i  f 
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A  Xj  -  Xj  -A'x 

•£  J?^4/ecs£Z  7/Sat  (7/0  cas/4/cU,  (70.4/0*3  /ASut( 

-0^&c<xs£.0c0,r7/.S'0fc£77y  fsi32) 

A  X4  -  X^  ~-Xs 

*£- /0  cos 0.  TCSOJ.  (7/0  CoS /"at  (-/.0C0S /Afat  ( 

f£33) 
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(sx+2.oii/.')x.bj-2ui*  Xjsj  -  -f  Crjsej 

aj^XJsy.  Xty/s?? 

-CU'X,6f/  zfj'-tZuXJXxs/-  X&//7?  /£~.4Vj 

-Z^'X^J  +6  '+2U)/Xj  (SJ  >  f27#J 


•«1"»  •qt»tioo  XU1  for  13(a)  i 

aobatltat*  Into  •qmtloo  X.40t 

-ti'X&yfs'zzu  '-jf&gLJx^ 
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-<4'X.&+fr-,*<'t'-£g£$!gpJKtS, 

•ol*e  for  x^f*} 

r  f f.  -  .  r/..  ,  #* 
'  '  3  *6 5*1*1  !+YS ^  y  S^^SKl 

•nfactltvte  lste  oqaatlao  1.38 

fs  '+ZtU  *-  7X&. 

L  J*7Zs*64  v»v^/  ^  07 

./V.  7  /g. 

*  *  75 wuF+2a(?y  07 

jf+sxgtJl*/vsr'&jS,&s'u*Y  irrwjrtu'vjxrtu*  xy 

1vZF^^vv5^  /,(  ^'  JvTr^^i?^7  /?/ 

tt»  cbsrmcWrisUe  oqootlca  1st 
S*+43* Ct/.  * //^_T 'CU*+/2£U  4-<? 

*r  lMpoctioa,  this  «jr  bs  fsetoro*  to 

{s^jcu.'/j V*U  'JtS'fCU.  XJ~ 0 

sf’r-cu?  4-jfyft4 

Sgx *-*•*'  Jfj  srjLjX.oeu, 

*&*§- 

cqpstlm  E02  sty  bo  orltts©  a&  fallcoot 
X*(f,m  3  +S'+<U'*  3*+3U  “  ^J'+Jeu' 
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taking  the  lnrvrM  transferal 

TC/it;  fa*  C0SUJ.  1 7<z  *7C0S/7?C4  f,  <?.  ZjTc^S^ici  f-J. 

X.  * -faces  &A  t,£CoJ  7  77 Ct  l  /  7  c^SZu/.  fj£f 

trm  equation  S.34s 

X’fc/'r7uZr  '• ^  X  7  ff/T??  ^ 

*fac *st*7.?-  O.  jJceS/.  77C7.  f-aZSCoj 7Ui  f-Cl  Sfafafip/ 

X,  -fa  OKf  £c/.  trc0S/77u7.  7+jg<xf^0j'  tfg. 

ft«M  equation  5.35* 

K^/~  7*77,  -  7~/>V 

Xtf/  -  fa-cos'ii/.  f-  OjrjCej/.  7Sa7*  t, COSO’S *<4 tf/cfafaptf 
*i  m  fa- cas  ul  f /.7*c*./,  f-axs 2 
tx-m  equation  X.361 

—77,  7  c^7  ^  7  *  *t  —  7*2^27 

*  fa*  cesu4  f,O.S 7 COX  7  ZXC7.  f-0.*Sc*sysUf//^9fa2fa7 

a  y,  ~  y,  ••  Ji 

-fa2.se - COSCJ.  t-cejf/  yjult-asocesztclfjfafafr 

Art  :  yt-y, 

*fa/.S O-Z  COSU7,  t  y  C.SOCOS2CJ.  f 

AAf*x}-yz  ^ 

-fa.  So  -  cosctX,  t,ces/7jcu  f-C'S0c*j2uJ,fJ~7fo 
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APPEND n  P 


QKBXajgJ^^I-BR&g 

by  Norma  G.  Hansen 


Ths  way  brae*  1*  a  bar,  1  1/8  is*  la  diaaeter,  of  cold  rolled 
steal,  F3  1020,  In  aeeordanoe  with  Federal  Specification  QQ-3-671. 

No  spsolflc  requireaent  for  physical  properties  Is  thereby  established 
Tbs  tenails  strength  actually  obtained  varies  considerably,  but  Is 
expected  to  be  usually  in  the  range  60  to  70  thousand  pounds  per  sq  In 
The  errs  rail  strength  of  tbs  brace  is  Halted  by  the  strength  of  the 
threaded  part  where  the  turnbackl*  is  applied.  These  threads  are 
1  1/8  in.  nominal  disaster.  National  Coarse  series,  haring  a  root 
dlareter  of  0.94  In.  and  a  pitch  disaster  of  1.03  in.  Published 
arterial  indicates  that  a  fair  estieate  of  ths  thread  strength  say  be 
based  on  ths  -a an  of  these  disasters.  This  ares  is  0.76  sq  In.  and 
on  this  basis  a  strength,  for  the  entire  braoe,  of  45,000  to  53,000 
lb  sight  bs  expected.  One  test  was  ends  on  30  Janmry  1953  of  a 
braes  with  tumtnckls,  fro*  ths  T1  bridge,  which  is  of  similar  con¬ 
struction  but  1  1/4  in.  nonina1  disaster.  The  threaded  portion  broke 
at  55,000  lb  polls  this  is  equal  to  57,000  pel  on  the  seen  effective 
thread  area.  If  the  Bailey  bridge,  1  1/8  in.  diameter  sway  braoe 
were  of  this  natarial,  its  strength  would  be  43,000  lb.  It  is  be¬ 
lieved  likely  that  the  cold-rolled  bars  need  for  Bailey  sway  braces 
are  slightly  stronger,  so  the  value  of  50,000  lb.  asstssed,  is  rather 
likely  to  be  realised. 
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la  the  report,  the  eesrarotloo  vat  nada  that  bridge  failure  would 
oc-sar  Tiad«r  lateral  faro*  failure  af  the  away  (l. a., lateral)  braees. 
Thar#  is  another  possible  soda  af  failnre,  sanely  overturning  of  the 
trasses  with  fail  nr#  of  tbs  rtluri,  bracing  fraaaa  a  ad/ or  tha  transau 
e leaps.  la  tha  ok a*  af  tha  dcuhla-siiifl#  bridges  to  b*  tested,  thara 
ara  acaia  two  ways  ia  which  thaaa  parts  sight  fall.  Each  asy  involves 
eoubined  failnra  af  at  lasat  two  parts.  Tha  straotarw  la  highly  lads* 
toradnete  ia  thaaa  raapaota;  aad,f&rtheraore,  aa  asauaptloo  of  alaatia 
behavior  is  anBarraatod. 

la  tha  aaas  of  tha  single-single  sonetrestloa,  tha  raker  alone 
would  resist  ewarturnli*  sonant.  Tba  taQalen  ia  this  aaabar  would  be 
appradjnctely  1.5  tiaaa  tha  la  tarsi  fore#  lass  tha  iasrtla  reelctanoe 
af  tha  truss  itself.  Tba  abode  iapolaa  la  large  enough  to  produce 
exoaseiTs  etreaaae,  bat  as  tha  dnratioa  is  vary  saall  (order  of  5 
a as*)  tha  offsets  will  ba  probably  lisited  to  aoderete  dlstortloa 
cf  th»  ecsnewtlng  pintles,  Tba  drag  tosrom  will  ba  sash  analler ;  for 
aa  oforprossars  of  12  uel,  tha  total  drag  fore*  oa  00a  traaa  paaal  la 
aboct  6,7 SO  lb  red  tha  rakar  tonal  oa  10,000  lb  wtalah  should  ba  wall 
within  tha  as pacJ  ty  of  tha  rakar, 

0eublfr»slagle  bridges  bavw  very  considerable  additional  resis¬ 
tance  to  ovwrtoralag,  although  as  daaaribed  above,  it  ia  Indetar- 
aiaata.  fhsr*  should  ba  aapls  strength,  however,  to  resist  over- 
taralag. 

Ia  double-doable  Ballsy  cone true  tioa  tha  ovartaraiag  sonant  will 
ba  eery  such  greater;  aeorly  facer  tiaaa  as  great  aa  for  tha  doable- 
single.  The  resisting  strength  ia  no  greater'  except  for  tba  Increased 
inertia 0  failnra  of  DO  bridges  by  trase  e Ter  turning  sees#  definitely 
possible. 
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